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EDITOR’S  VIEWPOINT 


Two  aspeeti*  of  periodontal  pockets  were 
investigated  by  Forscher,  Paulsen,  and  Hess 
(p.  444).  The  pH  of  the  pwket  did  not 
appear  to  have  any  signiheant  relationship 
to  the  disease,  but  studies  of  the  glycogen 
content  of  tissue  from  different  depths  of 
pockets  and  from  normal  tissue  were  sug¬ 
gestive.  The  glycogen  content  appears  to 
be  higher  in  tissues  around  shallow  po<‘kets, 
yet  closer  to  normal  levels  in  deep  poi'kets. 
Since  others  have  also  shown  inflamed  gin¬ 
givae  to  have  higher  glycogen  levels  than 
normal  gingivae,  it  is  suggested  that  in¬ 
crease  in  glycogen  level  may  be  associated 
with  more  active,  early  inflammatory  response. 

Schultz-Haudt,  Bruce,  and  Bibby  (p.  454) 
found  quantitative  increases  in  organisms  and 
changes  in  the  types  of  predominating  bac¬ 
teria  in  three  oral  regions  of  patients  with 
gingivitis.  Their  failure  to  demonstrate  the 
presence  of  bacteria  in  biopsies  from  “non¬ 
specific  marginal  gingivitis”  is  not  amazing 
when  one  realizes  the  great  amount  of  reac¬ 
tion  that  often  accompanies  a  few  bacteria 
in  other  tissues.  The  large  masst*s  of  bac¬ 
teria  on  the  surface  of  the  gingiva  may  well 
do  their  damage  by  their  toxic  products,  as 
the  authors  point  out. 

The  pattern  of  mitotic  division  in  the 
l>eriodontal  tissues  of  the  rat  has  been  shown 
by  Muhlemann,  Zander,  and  Halberg  (p.  459) 
to  parallel  other  twenty-four-hour  periodic 
phenomena.  In  noninflamed  areas  the  propor¬ 
tion  of  mitosis  was  higher  than  in  those  areas 
showing  leukocytic  infiltration,  an  observa¬ 
tion  that  is  not  readily  explained  on  the  basis 
of  the  relationship  of  fibroblastic  activity  to 
inflammation.  A  higher  mitotic  rate  was 
found  in  those  portions  of  the  periodontal 
membrane  adjacent  to  the  alveolar  bone.  This 
type  of  study  may  aid  our  understanding  of 
oral  physiology  and  lead  to  eventual  estab¬ 
lishment  of  a  useful  and  accurate  body  of 
information  in  this  field. 

Attempts  have  been  made  to  reproduce 
the  phenomena  of  so-called  dilantin  enlarge¬ 
ment  of  the  gingiva  in  experimental  animals 
but  with  little  success?.  Using  the  additional 
factor  of  gingival  irritation,  Swenson  (p. 


468)  is  the  latest  to  report  failure  to  produce 
gingival  enlargement  in  animals  receiving 
dilantin.  This  problem  has  intrigued  us,  and 
we  suspect  that  biologic  stress  present  in 
patients  under  dilantin  therapy,  and  absent 
in  laboratory  animals,  may  be  an  important 
fsu-tor.  The  problem  of  “stress”  has  not 
received  too  mucli  attention  from  the  dental 
viewpoint.  As  a  basis,  it  is  suggested  that 
Hans  t^elye’s  Story  of  the  Adaptation  Syn¬ 
drome  (Acta,  Inc.,  Montreal,  Quebec)  be 
reviewed.  This  interesting  series  of  lectures 
gives  a  basic  insiglit  into  the  stress  concept. 

In  a  study  of  respiration  of  the  saliva 
(p.  469),  Burnett  determined  that  almost  all 
the  metabolic  activity  of  saliva  is  due  to  the 
enzyme  systems  of  the  bacterial  flora.  Addi¬ 
tion  of  carbohydrates  increased  oxygen  con¬ 
sumption,  but  the  oxygen  consumption  of  the 
oral  flora  was  not  well  correlated  with  caries 
susceptibility.  More  than  200  ppm  of  fluo¬ 
rides  was  required  to  produce  appreciable 
effects  on  oxygen  consumption.  The  greater 
variations  in  oxygen  use  by  the  caries-resist¬ 
ant  individuals,  or  conversely  the  greater 
consistency  in  oxygen  metabolism  by  bacteria 
from  caries-susceptible  saliva,  may  have  some 
significance. 

Heretofore,  histologic  studies  of  orthodon¬ 
tic  tooth  movement  have  been  limited  by  the 
supposed  need  for  large  and  expensive  ani¬ 
mals.  Waldo  and  Rothblatt  (p.  481)  de¬ 
scribe  a  technic  for  study  of  tooth  movement 
in  rats  and  present  results  of  base  line  in¬ 
vestigations.  This  technic  readily  permits 
use  of  genetically  controlled  strains  and 
single  metabolic  manipulation  of  the  experi¬ 
mental  animal. 

Lobene  and  Burnett  (p.  487)  have  analyzed 
the  inorganic  constituents  of  the  enamel  and 
dentin  of  hamsters.  Since  this  animal  is 
being  used  widely  for  caries’  studies,  more 
basic  information  is  essential  to  validate 
those  studies.  Interestingly,  it  was  fouml 
that  the  organic/inorganie  ratios  and  Ca/P 
ratios  of  male  and  female  ham.ster  enamel 
differed.  The  question  of  the  possible  re¬ 
lationship  of  this  finding  to  differences  in 
caries’  activity  in  male  and  female  ham.sters 
is  raised. 
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Sobel,  Goldenberg,  and  Schmerzler  (p. 
497)  have  demonstrated  that  calcifying  tibial 
slices  from  rachitic  rats  contain  citrate  in 
proportion  to  the  citrate  content  of  the  fluid 
in  which  they  calcify  in  vitro.  They  cite 
this  evidence  as  supporting  the  hypothesis 
that  the  composition  of  mineral  deposits  in 
the  body  (presumably  including  developing 
teeth)  is  related  to  the  composition  of  the 
fluid  from  which  the  deposits  formed  and 
thereby  to  the  blood  serum.  There  can  be 
little  quarrel  with  such  a  hypothesis,  and  it 
can  explain  the  variation  in  composition  of 
teeth  developed  by  individuals  raised  in  fluo¬ 
ride  areas.  If  a  certain  composition  is  de¬ 
monstrated  to  influence  caries  activity,  it 
may  be  possible  to  control  composition  by 
feeding  at  the  time  of  calcification,  but  a 
truly  caries-resistant  composition  must  be 
established  before  such  procedures  can  be  sug¬ 
gested  as  practical. 

The  hypercalcified  layer  of  the  enamel  sur¬ 
face  has  attracted  the  attention  of  a  number 
of  investigators.  Sullivan  (p.  504),  con¬ 
tinuing  along  the  lines  of  study,  confirmed 
the  existence  of  a  hj’percalcified  enamel  sur¬ 
face  layer  but  was  unable  to  explain  its 
existence.  He  also  observed  a  greater  hard¬ 
ness  of  erupted  than  unerupted  teeth.  The 
author  sugge.sts  that  phosphorus  determina¬ 
tions  for  estimation  of  rate  of  enamel  solu¬ 
tion  may  be  inaccurate. 

Phillips,  Rcinking,  and  Phillips  (p.  511) 
adapted  the  method  used  by  Lisanti  and 
Zander  for  studying  the  thermal  conductivity 
of  dentin  for  a  similar  investigation  of 
dental  cements.  Since  zinc  phosphate  cements 
are  employed  as  “insulators”  under  metal 
fillings,  they  tested  three  standard  brands. 
These  all  showed  conductivity  approaching 
that  of  dentin  itself.  These  preliminary 
studies  offer  an  approach  to  a  study  of  in¬ 
sulating  qualities  of  different  dental  cements. 

If  hygroscopic  expansion  of  casting  in¬ 
vestments  were  equal  to  the  shrinkage  of 
gold  alloys  used  for  inlays,  the  accuracy  of 
fit  would  seem  to  be  assured.  Pre.sently,  two 
technics  are  used  in  an  effort  to  control 
this  hygroscopic  expansion,  a  wet  asbestos 
ring  liner  or  water  bath  immersion.  Asgar- 
zadeh,  Mahler,  and  Peyton  (p.  519)  throw 
doubt  on  the  value  of  those  technics  and 
extend  their  investigation  toward  a  third 
method,  addition  of  controlled  quantities  of 
water  during  mixing. 


Fleming  (p.  531)  observed  the  effects  of 
a  carcinogen  on  tootli  germ  transplants  for  as 
long  as  one  year.  While  no  dental  tumors, 
benign  or  malignant,  were  produced,  the 
presence  of  keratin  and  of  structures  identi¬ 
fied  as  poorly  orientated  enamel  rods  was 
noted.  The  changes  in  the  outer  epithelial 
cells  of  the  transsplants  suggest  the  possible 
value  of  more  persistent  exposure  of  develop¬ 
ing  tooth  germs  to  carcinogens. 

Fischer,  Elsheimer,  and  Mulder  (p.  538), 
using  x-ray  diffraction  teclinics  on  wliole 
teeth,  demonstrated  that  IIF,  NaP,  and  Na, 
SiF,  can  change  enamel  structure  from  apa¬ 
tite  to  apatite  and  calcium  fluoride.  SnF, 
and  NaPOjF  failed  to  produce  this  change. 
These  results  on  extracted  ti'eth  from  adults 
and  deciduous  teeth  confirm  earlier  studies 
(Fischer,  Mulder,  and  Wust,  J.  D.  Res.  33: 
50,  1954)  on  powdered  enamel. 

Porter  and  Woods  report  their  analysis 
of  dental  examinations  in  three  Idaho  com¬ 
munities  with  0.0,  0.5,  and  1.5  ppm  of 
fluoride,  respectively,  in  the  water  supplies. 
The  average  DMF  surfact's  were  41.4,  13.8 
and  12,  respectively.  The  DMF  teeth  diag¬ 
nosed  were  increased  by  16,  21,  and  15  jier 
cent  by  including  bite-wing  x-ray  films,  while 
the  findings  of  proximal  lesions  were  increased 
82,  92,  and  52  per  cent,  respectively.  The 
authors  compare  these  x-ray  additions  to 
those  found  by  Blayney  and  Greco  (65  per 
cent).  Of  course,  the  increase  in  findings  by 
bite-wing  x-ray  film  are  inversely  related  to 
the  thoroughness  of  the  clinical  examination, 
other  factors  being  equal.  As  pointed  out 
by  the  authors,  bite-wing  x-ray  films  nuiy  be 
omitted  in  school  surveys  but  are  essential 
in  studies  of  caries’  control.  The  high  DMF 
rate  in  Coeur  d’Alene  is  comparable  to  that 
in  some  other  areas  of  the  United  States, 
(p.  542.) 

Suher,  Dickson,  and  Hadjimarkos  (p.  552) 
report  high  DMF  by  teeth  and  surfaces  for 
groups  of  children  in  four  Pacific  Northwest 
institutions.  While  they  conclude  that  the 
findings  invalidate  the  claim  that  institu 
tionalized  children  are  less  susceptible  to  tootli 
decay  than  noninstitutionalized  children,  they 
have  only  shown  that  institutionalization  does 
not,  per  se,  reduce  caries  incidence.  Their 
findings  are  interesting  and  may  fit  into  a 
general  pattern  of  epidemiologic  studies 
which  may  one  day  help  to  explain  dental 
caries  activity. 
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Removal  of  the  parotid  gland  from  genet¬ 
ically  caries-resistant  and  caries-susceptible 
rats  did  not  change  the  difference  in  time 
required  for  production  of  carious  lesions  in 
those  animals.  From  these  observations, 
Keller,  Hunt,  and  Hoppert  (p.  558)  conclude 
that  the  difference  in  caries  resistance  in 
their  two  rat  strains  is  not  due  to  substances 
present  in  salivary  secretions  alone. 

Manly  (p.  561)  describes  a  clever  device 
for  in  vitro  study  of  acid  production  by  a 
plaquelike  deposit.  Salivary  sediment  is  de¬ 
posited  on  a  nylon-mesh  thimble  and  this 
is  placed  on  an  electrode  for  pH  readings.  As 
this  author  points  out,  this  technic  may  be 
used  to  screen  substances  designed  to  reduce 
intraoral  acid  production  but  it  does  not 
substitute  for  adequate  clinical  tests. 

Sodium  copper  chlorophyllin  has  been 
shown  by  Nevin  and  Bibby  (p.  571)  to  be 
bacteriostatic  but  not  bacteriolytic  to  certain 
oral  bacteria  in  relatively  high  concentration. 
Further,  glycolysis,  on  a  unit  cell  basis,  may 
be  stimulated.  It  appears  that  the  bacterio- 


stasis  may  result  from  alteration  of  the 
oxidation  reduction  potential  of  the  sub¬ 
strate.  One  may  justifiably  question  the 
value,  as  an  anticaries  agent  in  the  oral  cav¬ 
ity  where  contact  with  the  organisms  is 
limited,  of  an  antibacterial  agent  of  bacterio¬ 
static  type  that  does  not,  per  se,  reduce  gly¬ 
colysis. 

Zachinsky  (p.  580)  has  re-examined  the 
gingiva  from  the  veiwpoint  of  establishing 
‘  *  normals.  ’  ’  AVhen  one  recalls  that  *  ‘  nor¬ 
mals”  are  man-created  averages,  or  even 
myths,  one  realizes  the  diflSculty  of  satisfying 
definitions  of  norms.  The  finding  of  an 
epithelial  layer  of  vacuolized  cells,  the  more 
frequent  observation  of  parakeratinized, 
rather  than  keratinized,  surfaces,  and  the 
focusing  of  attention  on  the  subepithelial 
connective  tissue  are  the  more  important 
points.  The  now  well-recognized  phenomenon 
of  inflammatory  cells  in  the  sulcus  area  is 
discussed. 

H.  B.  G.  R. 


THE  pH  OF  THE  PERIODONTAL  POCKET  AND  THE  GLYCOGEN 
CONTENT  OF  THE  ADJACENT  TISSUE 
B.  K.  FORSCHER,  Ph.D.,  A.  G.  PAULSEN,  D.D.S.,  M.S.D.,  AND  W.  C.  HESS,  Ph.D. 
School  of  Dentistry,  Georgetown  University,  Washington,  D.  C. 

IT  HAS  been  reported  that  the  glycogen  content  of  gingival  tissue  is  signifi¬ 
cantly  lower  in  cases  of  chronic  periodontitis  than  in  the  normals  There 
have  also  been  reported  studies  on  the  pH  of  the  periodontal  pocket  in 
various  circumstances,  in  which  the  pH  was  found  to  vary  directly  with  the 
depth  of  the  pocket,*  and  to  vary  depending  on  whether  the  i)athologic  condi¬ 
tion  was  acute  or  chronic.* 

The  earlier  measurements  of  the  pH  of  i)eriodontal  pockets  were  carried 
out  with  hydroquinone-platinum  electrodes ;  however,  the  use  of  hydroquinone 
might  not  be  entirely  satisfactory  for  pH  determinations  in  biologic  systems 
of  unknown  composition  because  of  its  sensitivity  to  redox  conditions.  Avail¬ 
able  glass  electrodes  were  too  large  and  too  fragile  for  this  type  of  work, 
.^ntimony  appeared  to  be  the  most  .suitable  material,  and  an  improved  micro¬ 
antimony  electrode  was  developed  providing  a  sensitive  instrument  sufficiently 
small  to  be  useful  and  also  having  a  greater  mechanical  strength  than  that 
afforded  by  pure  antimony. 

The  role  of  putrefactive  processes  in  the  etiology  of  periodontitis  has 
been  emphasized  by  some  workers.*  In  order  to  explore  such  possibilities 
further  it  was  felt  desirable  to  investigate  the  relationship  between  the 
material  in  the  pocket  and  the  substance  of  the  adjacent  tissue  on  a  chemical 
basis.  If  putrefaction  were  the  dominant  proce.ss  in  the  pocket,  pH  findings 
should  be  consistently  higher  than  pH  7.  Since  cellular  glycogen  represents 
the  normal  fuel  reservoir  for  most  tissues,  changes  in  this  constituent  should 
give  some  indication  of  the  metabolic  activity  within  the  tissue.  It  is  reason¬ 
able  to  assume  that  the  tissue  glycogen  is  synthesized  in  situ  from  hexose  and/ 
or  hexose  phosphates,  and  that  under  adverse  conditions,  this  activity  of  the 
cells  might  be  affected.  It  has  been  .suggested’  that  since  putrefaction  and 
glycoly.sis  are  mutually  antagonistic  processes,  a  depletion  of  tissue  glycogen 
may  predispose  gingival  tis.sue  to  periodontitis  and,  reasoning  similarly,  an  in¬ 
crease  in  putrefaction  may  inhibit  glycolytic  processes  and  thus  lead  to  a 
depletion  of  tissue  glycogen. 

It  was  of  interest  to  relate  the  tissue  glycogen  content  not  only  to  the 
pH  of  the  adjacent  pocket,  but  also  to  the  duration  and  severity  of  the 
pathologic  condition  as  indicated  by  the  depth  of  the  pocket. 

This  study  was  supported,  in  part,  by  funds  provided  under  contract  AF  18  (600)  with 
the  United  States  Air  Force  School  of  Aviation  Medicine,  Randolph  Field,  Texas. 

Presented,  in  part,  at  the  Thirty-First  Meeting  of  the  International  Association  for  Den¬ 
tal  Research,  March,  1953,  Philadelphia,  Pa.  (J.  D.  Rea.  88:  646.  1953). 

Received  for  publication,  June  1,  1953. 
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EXPERIMENTAL 

Clinical  Procedure. — Subjects  having  chronic  periodontitis  were  selected 
at  random  from  the  patients  at  the  Georgetown  University  Dental  School 
Clinic.  No  prophylactic  measures  preceded  the  investigatory  procedures.  In 
each  case  the  pH  was  measured  for  three  periodontal  pockets  in  as  widely 
separated  regions  of  the  mouth  as  possible.  Pocket  depths  were  then  determined 
with  a  calibrated  probe.  The  selected  regions  were  anesthetized  with  Xylo- 
caine  Hydrochloride  (epinephrine  1:100,000),  and  the  interdental  papilla  and 
associated  tis.sue  adjacent  to  each  of  the  chosen  pockets  were  removed. 

Methods. — 

pH  determination:  Antimony  electrodes,  approximately  0.5  mm.  in  di¬ 
ameter  and  of  satisfactory  mechanical  strength,  were  prepared  by  electro¬ 
deposition  of  antimony  on  to  stainless  steel  No.  5  dental  explorers,  according 
to  the  method  of  Bloom.®  The  surface  to  be  plated  is  roughened  by  acid 
etching  or  by  blasting  wdth  No.  120  grit.  The  instrument  is  plated  in  a  bath 
composed  of  200  Gm.  1  SB2O3,  274  Gm.  1  NH4HF,,  and  sufficient  15  N  NH^OH 
to  bring  the  pH  to  4.8  to  5.2.*  The  plating  process  is  carried  out  with  a 
current  density  of  20  amperes  per  .square  foot,  with  antimony  anodes  at  room 
temperature.  In  this  work  an  antimony  layer  of  0.002  inch  was  found  satis¬ 
factory. 


WiWI 


Pig.  1. — Plated  antimony  electrode. 


The  instrument  is  plated  to  any  convenient  length  from  the  tip  and  is 
then  completely  coated  with  a  thin  layer  of  a  chemically  resistant  nonconduct¬ 
ing  polymer.  Polyfluoroesters  and  acrj  lics  have  been  used  successfully.  The 
tip  of  the  instrument  is  polished  with  a  fine  pumice  wheel  to  strip  the  insula¬ 
tion  from  the  “working  end”  and  to  produce  a  polished  antimony  “active” 
surface.  In  this  work,  approximately  2  mm.  of  the  tip  of  the  instrument  was 
so  treated  to  form  the  sensitive  portion  of  the  electrode  (Fig.  1).  The  rubber 
tubing  on  the  handle  is  not  required  for  insulation  but  was  used  to  afford 
the  clinician  a  firmer  grasp  of  the  instrument. 

Actual  pH  determinations  were  made  using  this  type  of  electrode,  a 
calomel  half-cell  connected  to  the  system  by  a  saturated  KCl  salt  bridge,  and 
a  Beckman  JModel  H  pH  meter.  The  circuit  used  is  shown  diagrammatically  in 

*Con8iderable  time  is  required  for  solution  of  antimony  oxide  in  this  system.  It  is  sug¬ 
gested  that  the  mixture  stand,  with  intermittent  agitation,  for  several  days  and  then  the  super¬ 
natant  fluid  be  used. 
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Fig.  2.  The  pH  meter  is  set  to  read  electromotive  force  and  the  pH  is 
calculated  according  to  the  formula : 

pHu  =  pHs  +  (E.M.F.u  -  E.M.F.s)  x  C.F.  where 
C.F.  is  the  conversion  factor,  and  the  subscripts  U  and  S  refer  to  readings  on 
the  unknown  system  and  standard  buffer,  respectively.  The  conversion  factor 
is  determined  experimentally  for  each  electrode  using  a  series  of  buffers  of 
known  pH.  Fig.  3  shows  electromotive  force  (E.H.F.)  in  millivolts  plotted 
against  pH  for  one  electrode. 


MODEL  H 
pH  METER 

Fig.  2. — Diagram  showing  pH  determination  circuit 

Although  the  lines  are  discontinuous  for  the  two  different  buffer  systems 
used,  the  E.M.F.  response  with  pH  change  is  linear  over  the  pH  range  of  3  to 
9.  The  equations  for  the  lines  shown  are ; 

pH  3-7 
pH  6-9 


E.M.F.  =  50  -t  40.5  pH 

E.M.F.  =  116  4-  36.9  pH. 
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Other  electrodes  gave  lines  close  to  and  parallel  to  the  lines  shown.  The 
conversion  factor,  having  the  dimension  pH/millivolt,  is  the  reciprocal  of  the 
slope  term  of  the  straight-line  equation  and,  as  can  be  seen  in  Table  I,  is 
virtually  the  same  for  either  line  for  each  electrode. 


A  standard  routine  was  followed  for  all  pH  determinations  on  clinical 
subjects  for  this  study.  The  chosen  pockets  were  not  disturbed  prior  to 
insertion  of  the  electrode.  With  both  antimony  electrode  and  salt-bridge  in 
pH  7.0  buffer  at  37°  C.,  a  standard  potential,  E.M.F.g,  was  determined.  The 
electrode  and  salt-bridge  lead  were  rinsed  and,  with  the  glass  capillary  mouth- 


I 
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piece  of  the  salt-bridge  in  position  contacting  a  pool  of  saturated  KCl  on  the 
floor  of  the  mouth,  the  antimony  electrode  was  inserted  carefully  to  the  base 
of  a  pocket.  A  reading  of  E.M.F.u  was  made  and  then  the  electrode  was 
removed  and  reinserted  in  the  same  pocket  for  a  duplicate  reading.  The  mean 
of  the  two  readings,  which  in  the  vast  majority  of  the  cases  differed  by  only 
5  mv.,  was  used  to  calculate  the  pH  of  the  pocket.  This  difference  of  5  mv. 
is  equivalent  to  the  space  between  the  smallest  scale  divisions  on  the  instru¬ 
ment,  and  corresponds  to  a  standard  deviation  of  ±  0.05  pH  unit  for  the  error 
of  the  actual  measurement.  After  duplicate  readings  had  been  obtained  in 
this  manner,  the  electrode  and  lead  were  returned  to  the  standard  buffer  for  a 
redetermination  of  E.M.F.g.  The  mean  of  the  duplicate  standard  readings 
wms  used  in  the  calculation.  That  no  potential  difference  independent  of 
hydrogen  ion  concentration  existed  between  the  floor  of  the  mouth  and  the 
periodontal  pocket  wms  demonstrated  by  the  fact  that,  with  a  platinum 
electrode  replacing  the  antimony  electrode  in  the  circuit,  the  same  potential 
was  observed  with  the  electrode  and  salt  lead  side  by  side  in  a  buffer  solution 
at  pH  7.0  as  with  the  electrode  and  lead  in  place  in  a  periodontal  pocket  and 
mouth  floor,  respectively. 


Table  I 

Electrode  Conversion  Factors 


ELECTRODE 

FACTORS 

1  pH  3-7 

pH  6-9 

Electrode  described 

0.025 

0.027 

Other  similar  electrodes 

4.025 

0.023 

0.021 

0.022 

0.022 

0.021 

Glycogen  determination:  A  tissue  sample  consisting  of  the  interdental 
papilla  adjacent  to  the  periodontal  pocket  under  study  was  removed  under 
Xylocaine  Hydrochloride  local  anesthesia.  Each  sample,  approximately  25 
mg.,  was  quickly  rinsed  in  distilled  water  and  immediately  transferred  to  a 
15  ml.  centrifuge  tube  containing  1  ml.  of  30  per  cent  KOH.  The  sample 
tubes  were  placed  in  a  boiling  water  bath  within  two  minutes  after  the  tissue 
had  been  excised  and  were  maintained  at  100°  C.  with  intermittent  agitation 
until  the  specimens  had  disintegrated  to  give  clear  or  opalescent  solutions. 
Prior  to  analysis,  1  ml.  of  HjO  was  added  to  the  solution. 

An  aliquot  of  0.2  ml.  was  removed  for  the  determination  of  original  sample 
weight  by  the  wet  ash  method  of  Johnson.®  This  method  was  standardized 
with  a  500  mg.  sample  of  freshly  obtained  gingival  tissue. 

An  aliquot  of  1  ml.  was  added  to  1.5  volumes  of  absolute  ethanol  and, 
after  heating  one  minute  at  100°  C.,  was  chilled  overnight  to  precipitate  glyco¬ 
gen.  This  precipitate,  after  centrifugation  and  decantation,  was  analyzed 
directly  for  glycogen  by  the  Anthrone  method  of  Seifter,  Dayton,  Novic,  and 
Muntwyler,^  using  one-half  the  usual  reagent  volumes  and  a  ten-minute 
reaction  period. 
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These  procedures  were  checked  on  a  sample  of  rat  liver,  and  gave  results 
in  complete  agreement  with  those  obtained  by  the  method  of  Good,  Kramer, 
and  Somogyi.® 

,  RESULTS 

When  the  data  are  grouped  according  to  depth  of  pocket,  the  results  for 
pH  and  for  glycogen  are  as  shown  in  Table  II.  Since  the  tissue  glycogen 
content  varies  with  the  depth  of  the  pocket,  an  over-all  mean  of  the  pathologic 
samples  has  no  significance,  but  this  value  is  calculated  for  comparison  with 
the  data  of  others.  The  glycogen  data  for  this  phase  of  the  study  are  not  as 
extensive  as  those  for  pH  because  of  difficulties  in  obtaining  samples  of  the 
required  size. 

Table  II 

pH  and  Glycogen  Tabulated  by  Pocket  Depth 


DEPTH 

1  pH  1 

1  glycogen 

1  NUMBER 

1  MEAN  1 

1  NUMBER 

1  MEAN  % 

Up  to  3  mm. 

19 

7.04  ±  0.14* 

18 

0.358 

3  mm.  to  5  mm. 

47 

7.06  ±  0.10 

30 

0.271 

Over  5  mm. 

21 

f.l8  ±  0.16 

10 

0.182 

Ch-er-all 

87 

7.09  ±  0.07 

58 

0.271 

•Ninety-flve  per  cent  confluence  limits  of  the  mean. 


While  the  trend  in  pH  values  with  increasing  depth  of  pocket  corresponds 
in  direction  with  that  reported  by  Gilbert,*  analysis  of  variance  for  the.se 
results  indicates  that  no  significant  variation  with  depth  is  demonstrated  by 
these  data.*  The  pertinent  numbers  are  shown  in  Table  III. 


Table  III 

Analysis  op  Variance,  pH  Versus  Depth 


ITEM 

1  DEGREES  OF 

1  FREEDOM 

MEAN  SQUARE 

p 

p* 

Subjects 

28 

0.2560 

5.65 

^  1% 

Depth 

2 

0.0125 

0.276 

>5% 

Error 

56 

0.0453 

Total 

86 

0.3138 

•P  is  probability  of  difference  occurring  due  to  chance. 


A  similar  statistical  analysis  for  the  glycogen  data  shows  that  the  varia¬ 
tion  in  the  glycogen  content  of  the  gingival  tissue  with  the  increasing  depth 
of  the  adjacent  pocket,  as  shown  in  Table  II,  is  significant.  Table  IV  shows 
the  results  of  this  analysis  of  variance. 


Table  IV 

Analysis  of  Variance,  Glycogen  Versus  Depth 


ITEM 

DEGREES  OF 

FREEDOM 

MEAN  SQUARE 

r 

p* 

Subjects 

20 

0.0478 

8.66 

<r  1% 

Depth 

2 

0.1382 

25.03 

<  1% 

Error 

40 

0.0055 

Total 

62 

0.1915 

•P  is  probability  of  difference  occurring  due  to  chance. 


•For  this  analysis  the  data  for  each  patient  were  arranged  according  to  increasing  depth 
of  pocket.  Pockets  of  equal  depth  were  assigned  positions  at  random. 
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If  a  correlation  coefficient  between  glycogen  content  and  pH  is  calculated 
according  to  the  expression 


r 


S(xy) 


(Sx)(Sy) 

N 


where  x  =  pH  and  y  =  glycogen, 

a  value  of  r  =  -0.067  is  found,  indicating  no  significant  correlation.  This  is 
to  be  expected  on  the  basis  of  the  relationship  between  depth  and  glycogen 
and  the  lack  of  relationship  between  depth  and  pH. 

In  order  to  determine  a  normal  glycogen  content  for  gingival  tissue,  six 
volunteers  were  selected  having  completely  healthy  mouths  as  determined  by 
clinical  examination  in  respect  to  gingival  tissue.  Two  interdental  papillae 
were  removed  from  each  of  five  of  these  subjects  and  one  from  the  sixth.  The 
analytic  results  are  given  in  Table  V. 


Table  V 

Glycogen  Content  of  Normal  Tissue 


SUBJECT 

FIRST  SAMPLE 
(%) 

SECOND  SAMPLE 
(%) 

MEAN 

(%) 

B.  K.  F. 

0.270 

0.222 

0.246 

A.  G.  P. 

0.120 

0.081 

0.100 

J.  J.  H. 

0.451 

0.383 

0.427 

J.  A.  G. 

0.261 

0.244 

0.253 

J.  L.  K. 

0.163 

0.138 

0.153 

P.  T.  G. 

0.217 

Over  all  mean 

0.232  ±0.075% 

0.217 

It  was  of  interest  to  determine  whether  or  not  a  difference  existed  be¬ 
tween  the  glycogen  content  of  normal  tissue  from  normal  mouths  and  normal 
tissue  from  pathologic  mouths.  The  classifications  of  normal  and  pathologic 
were  based  on  clinical  appearance  and  radiologic  evidence.  For  this,  a  group 
of  patients  were  selected,  each  having  a  comparatively  deep  isolated  perio¬ 
dontal  pocket.  Two  tissue  samples  were  taken  from  each  patient,  starting 
from  the  apparently  normal  region  near  the  pocket  and  moving  closer  to  the 
pathologic  region.  That  is,  if  an  isolated  pocket  were  found  around  tooth  6 
in  a  particular  quadrant,  the  first  sample  would  be  taken  next  to  tooth  4 
and  the  second  next  to  tooth  5.  The  analytic  values  are  given  in  Table  VI. 
At  this  stage  there  appears  to  be  no  difference  between  normal  tissue  from 
completely  normal  mouths,  mean  glycogen  0.232  +  0.075  per  cent,  and  normal 
tissue  near  pathologic  areas,  mean  glycogen  0.193  ±  0.045  per  cent  (t  ratio 
equals  0.51).  If  all  the  normal  data  are  combined,  a  mean  of  0.185  ±  0.031 
per  cent  is  found  (includes  ten  other  normals  not  tabulated  separately,  a 
total  of  thirty-three. 
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Table  VI 

Glycogen  Content  op  Normal  Tissue  From  Pathologic  Mouths 


subject 

FIRST  SAMPLE 
(%) 

SECOND  SAMPLE 
(%) 

MEAN 

(%) 

1 

0.292 

0.150 

0.221 

2 

0.272 

0.226 

0.249 

3 

0.139 

0.210 

0.175 

4 

0.231 

0.267 

0.249 

5 

0.139 

0.075 

0.107 

6 

0.204 

Over-all  mean 

0.107 

0.193  ±  0.045% 

0.156 

DISCUSSION 

Berg,  Lundquist,  Schram,  and  Fosdiek^  have  reported  that  the  glycogen 
content  of  normal  gingival  tissue  is  0.224  per  cent,  which  is  in  general  agree¬ 
ment  with  the  results  reported  here  (0.185  per  cent).  However,  these  authors 
reported  a  mean  glycogen  content  of  pathologic  (periodontitis)  gingival  tissue 
of  0.123  per  cent,  while  the  mean  of  all  our  pathologic  samples  is  0.271  per 
cent.  Thus  our  findings  indicate  an  apparent  increase  in  glycogen  in  the 
pathologic  case  as  compared  to  the  normal,  contrary  to  the  earlier  findings. 
The  t  ratio  for  the  difference  between  our  normal  mean  and  our  pathologic 
mean  is  3.02  for  104  degrees  of  freedom,  showing  the  difference  to  be  significant 
beyond  the  1  per  cent  level. 

The  factor  of  major  interest  is  not  the  gross  difference  between  normal 
and  pathologic  tissue.  This  type  of  comparison  is  misleading.  More  im¬ 
portant  are  the  relative  changes  that  take  place  in  the  course  of  the  develop¬ 
ment  of  the  lesion.  Statistical  analysis  of  our  data  clearly  shows  that  a  de¬ 
crease  in  tissue  glycogen  is  associated  with  an  increase  in  pocket  depth.  This 
observation  is  independent  of  the  variation  among  subjects.  It  is  striking  to 
note,  however,  that  the  mean  glycogen  content  of  tissue  adjacent  to  deep 
pockets  is  comparable  to  the  mean  glycogen  for  normal  gingival  tissue.  Berg, 
Lundquist,  Schram,  and  Fosdick^  did  not  report  the  depths  of  the  pockets 
studied.  In  all  probability  their  data  are  made  up  predominantly  of  samples 
from  very  deep  pockets,  which  would  explain  the  discrepancies  between 
pathologic  means.  This  hypothetic  value,  mean  glycogen  content  of  patho¬ 
logic  gingival  tissue,  can  be  varied  at  will  by  suitable  selection  of  pocket 
depth.  That  differences  exist  between  subjects  must  be  taken  into  considera¬ 
tion.  The  values  presented  in  Table  V  show  that  the  differences  due  to 
experimental  error  are  not  sufficient  to  account  for  the  observed  differences 
among  the  normals,  since  duplicates  on  the  same  subject  agreed  well. 

Some  variation  may  be  due  to  the  analytic  procedure  used.  To  avoid 
the  delay  concomittant  with  accurate  weight  determination  on  small  samples, 
and  the  error  introduced  by  weighing  small  samples  in  vessels  of  vastly 
greater  weight  to  determine  the  weight  by  difference,  a  photometric  wet  ash 
procedure  was  used.  For  this  study  it  was  assumed  that  the  sample  weight 
was  a  direct  function  of  the  total  quantity  of  chromate-reducing  material  in 
the  sample.  This  approach  avoided  errors  due  to  surface  moisture  and 
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calculus  imbedded  in  the  tissue.  However,  this  assumption  holds  strictly 
only  when  the  relative  composition  and  internal  water  content  of  the  tissue 
.samples  remain  comstant.  The  wet  ash  procedure  was  calibrated  with  a  large, 
weighed  sample  of  pathologic  gingival  tissue  because  it  was  not  possible  to 
obtain  a  .sample  of  normal  tissue  of  the  required  size.  The  theoretical  question 
remains  as  to  the  effect  of  edema  and  tissue  changes  on  the  applicability  of  the 
calibration  curve.  It  was  felt,  after  consideration  of  all  the  factors  involved, 
that  the  procedure  chosen  represented  the  lea.st  of  the  available  evils.  Further 
study  on  this  point  is  in  progress. 

If  the  depth  of  the  periodontal  pocket  is  assumed  to  be,  in  general,  an 
indication  of  the  length  of  time  the  pathologic  condition  has  existed,  the 
pre.sent  findings  indicate  that  in  the  early  stages  of  chronic  periodontitis  there 
is  a  marked  elevation  of  tis.sue  glycogen.  As  the  condition  continues,  the 
glycogen  content  falls  gradually  to  approximately  a  normal  value.  This  may 
be  interpreted  as  indicating  increased  cellular  activity  in  the  early  stages 
which  gradually  .sub.sides  as  the  pocket  deepens.  According  to  Glickman,®  it 
is  the  proliferation  of  the  epithelial  attachment  which  is  primary  in  pocket 
formation.  Turesky  and  Gliekman'"  reported  that,  on  the  basis  of  histo- 
chemical  ob.servations,  inflamed  gingival  epithelial  tissue  shows  increased 
glycogen  content. 

The  results  reported  here  based  on  quantitative  chemical  analysis  corroborate 
the  earlier  histologic  observations  on  the  sequence  of  events  in  periodontitis. 

The  values  found  for  the  i)H  of  the  periodontal  pocket  are  in  the  same 
range  as  those  reimrted  previously  by  Paulsen'^  and  by  Gilbert.^  However, 
since  no  significant  relationship  was  found  between  pH  and  pocket  depth, 
glycogen  content,  or  location  in  the  mouth,  it  is  felt  that  the  pH  of  the 
periodontal  pocket  has  no  relationship  to  the  etiology  or  mechanism  of 
development  of  the  lesion,  but  represents  merely  a  side  effect  dependent  on 
many  unrelated  factors. 

SUMMARY 

1.  The  j)reparation  of  an  improved  microantimony  electrode  is  described. 

2.  The  mean  pH  of  periodontal  pockets  in  chronic  periodontitis  was 
found  to  be  7.09  ±  0.07  with  no  significant  variation  related  to  the  depth  of 
the  pocket. 

3.  A  semimicro  analy.sis  of  ti.ssue  for  glycogen  is  described. 

4.  The  mean  glycogen  content  of  normal  gingival  tissue  was  found  to  be 
0.185  i  0.031  per  cent. 

5.  The  glycogen  content  of  tissue  adjacent  to  periodontal  pockets  was 
found  to  vary  inversely  with  the  dejdh  of  the  pocket,  the  tissue  associated  with 
the  shallowest  pockets  having  a  higher  glycogen  content  than  normal  tissue.  The 
tissue  associated  with  the  deep  pockets  has  a  glycogen  content  in  the  same 
range  as  normal  tissue. 
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BACTERIAL  FACTORS  IN  NONSPECIFIC  GINGIVITIS 

S.  SCHULTZ-HAUDT,  M.  A,  BKUCE,  AND  B.  G.  BIBBY 
Eastman  Dental  Dispensary,  Bochcster,  N.  Y. 

Histologic  examination  of  inflamed  human  gingival  tissues  in  carefully 
processed  preparations  frequently  reveals  a  thick  layer  of  bacteria  on  the 
surface  of  the  epithelium  (Fig.  1).  Tests  of  the  pathogenicity  of  cultures  of  gin¬ 
gival  organisms  have  given  inconclusive  results,  and  thus  far  no  specific  patho¬ 
genic  microorganism  has  been  identified.^’  ^  Although  bacteria  have  been  demon¬ 
strated  Avithin  the  tissues®  in  a  fcAV  instances,  the  indefiniteness  of  this  associa¬ 
tion  has  caused  some  investigators  to  claim  that  toxic  products  from  externally 
placed  bacteria  irritate  the  tissues  and  cause  cellular  reactions  without  actual 
invasion  by  the  bacteria  themselves.*’  ®  In  the  type  of  nonspecific,  marginal 
gingival  inflammation,  which  has  no  systemic  or  specific  bacterial  causation,  but 
which  responds  favorably  to  the  removal  of  baeterial  debris,  the  relationship  of 
the  bacteria  to  the  tissue  disturbance  is  particularly  interesting.  This  paper  is 
devoted  to  a  consideration  of  the  nature  of  the  bacteriologic  factors  in  what  will, 
hereafter,  be  called  nonspecific  marginal  gingivitis.  In  it  are  recorded  attempts 
(1)  to  demonstrate  by  smear  or  cultural  examination  whether  or  not  particular 
bacterial  types  are  associated  with  nonspecific  gingivitis,  (2)  to  determine  by 
bacterial  staining  of  biopsy  material  and  tissue  aspiration  studies  whether  or 
not  microorganisms  enter  the  gingival  tissues,  (3)  to  get  indirect  evidence  of 
the  nature  of  the  pathologic  process  by  tissue  study  and  blood  examination, 
(4)  to  test  whether  sterile  extracts  of  gingival  bacteria  will  bring  about  tissue 
reactions  similar  to  those  of  nonspecific  gingivitis,  and  (5)  to  find  out  some¬ 
thing  about  the  nature  of  any  tissue-irritating  substance  which  might  be 
demonstrated. 

METHODS  AND  MATERIALS 

One  hundred  two  patients  from  8  to  63  years  of  age,  of  both  sexes,  were 
subjected  to  thorough  examination.  Independent  diagnoses  were  submitted  on 
each  by  three  different  examiners.  A  health  and  nutritional  history  was  taken 
from  all  patients.  Where  the  clinical  condition  and  the  patient’s  history  in 
any  way  indicated  specific  causes  for  the  gingival  inflammatiorl,  the  patient 
was  excluded  from  the  experimental  group.  All  doubtful  cases  were  also 
excluded.  This  left  twenty-five  patients  in  the  final  experimental  group.  For 
comparison  and  control,  a  group  of  ten  individuals  with  clinically  normal 
gingivae  was  selected.  Both  groups  underwent  the  following  tests. 

1.  Bacterial  Smears. — Smears  were  taken  from  three  different  areas:  the 
gingival  margin,  the  tooth  surface,  and  the  gingival  pocket.  Extreme  care  was 
taken  to  secure  complete  separation  of  the  areas,  and  specially  modified  dental 
instruments  were  used.  The  smears  were  stained,  and  differential  bacterial 
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Received  for  publication,  June  18,  1953. 


454 


BACTERIAL  FACTORS  IN  NONSPECIFIC  GINGIVITIS 


Volume  33 
Number  4 


counts  were  carried  out,  recording  the  numbers  of  Gram-positive  and  Gram¬ 
negative  cocci  and  rods,  as  well  as  fusiform  bacteria,  spirochetes,  filaments, 
vibrios,  and  actinomycetes  in  ten  randomly  selected  microscopic  fields.  Results 
were  then  calculated  on  a  percentage  basis. 

2.  Bacterial  Cultures. — Material  from  the  three  areas  was  inoculated  sepa¬ 
rately  on  rabbit  blood  agar,  crystal  violet  potato  agar,  and  brain-heart  infusion 
agar  and  incubated  aerobically  and  anaerobically  at  37°  C.  for  from  one  to 
four  days. 


Fig.  1. — Biopsy  from  a  case  of  nonspecific  gingrivitis.  Paraffin  embedding:  section  thick¬ 
ness  :  6  microns  Gram-Welgert’s  stain.  The  black  areas  at  the  margin  consist  of  bacteria 
and  gingival  deposits. 


3.  Bacteria-free  Filtrates. — Gingival  deposits  were  collected  and  two  types 
of  bacteria-free  filtrates  were  jirepared.  One  series  of  filtrates  was  obtained 
using  a  modification  of  Avery’s  freezing-thawing  technic.  The  sample  was 
placed  in  a  steel  cylinder  and  frozen  at  a  temperature  of  75°  C.  It  was  then 
cracked  several  times  by  means  of  a  pi.ston  and  a  mallet.  After  thawing,  the 
sample  was  filtered  through  a  Swinney  filter.  The  second  series  of  extracts 
was  prepared  by  direct  filtration  through  a  sintered  glass  filter.  Tests  for 
sterility  of  the  filtrates  were  always  carried  out.  The  filtrates  were  used  for 
skin  tests  on  rabbits. 

4.  Blood  Smears. — Blood  smears  were  prepared  from  the  patients  with 
gingivitis.  Blood  Avas  taken  from  the  gingiva  and  the  ear  lobe.  Smears  were 
prepared,  stained  wuth  Wright’s  stain,  and  differential  white  cell  counts  were 
carried  out. 

5.  Biopsies. — Pieces  of  gingival  tis-sues  were  removed  from  the  mouths  of 
twenty-four  patients  in  order  to  correlate  clinical  diagnosis  with  the  histopatho¬ 
logic  picture.  In  addition  to  the  routine  histologic  methods,  all  preparations 
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were  stained  for  bacteria  in  the  tissues,  using  various  modifications  of  the  Gram- 
Weigert  staining  technic. 

6.  Aspirations. — In  fifteen  cases,  aspirations  were  made  according  to  Beck¬ 
with’s  technic  by  injecting  and  withdrawing  0.5  c.c.  of  physiologic  saline  solution 
from  the  gingival  subepithelial  tissues.  The  presence  of  bacteria  was  tested  by 
culturing  these  aspirates. 

FINDINGS 

1.  Bacterial  Smears. — Differential  counts  showed  the  results  recorded  in 
Table  I.  In  practically  all  instances  the  percentage  ranges  fell  within  ±  10  per 
cent  of  the  averaged  figures  shown  in  the  table.  Study  of  Gram-stained  smears 
and  bacterial  cultures  of  material  from  three  separate  areas  in  twenty-five  pa¬ 
tients  with  clinically  manifested  nonspecific  gingivitis  and  in  ten  patients  with 
clinically  normal  gingiva  thus  revealed  a  different  distribution  of  bacterial  types 
in  the  three  areas.  In  addition,  there  was  not  only  an  apparent  increase  in  the  • 
numbers  of  bacteria  in  gingivitis,  but  also  a  changed  distribution  of  types, 
especially  in  the  contents  of  the  gingival  pocket.  There  a  marked  decrease 
was  found  in  the  proportion  of  Gram-positive  cocci  from  38  to  10  per  cent  and 
of  Gram-positive  bacilli  from  40  to  22  per  cent.  Gram-negative  cocci  increased 
from  3  to  11  per  cent.  This  might  be  of  significance,  as  it  seems  probable  that 
one  is  dealing  with  the  genus  VeilloneUa,  which  may  be  thought  of  as  the  anaero¬ 
bic  counterpart  of  the  Neisseria.  A  slight  increase  in  Gram-negative  rods  is  noted,  v 
as  well  as  a  more  sharply  defined  increase  in  fusiform  bacilli  from  7  to  15  per 
cent,  in  spirochetes  from  0.6  to  17  per  cent,  and  in  the  number  of  vibrios  from 
I  to  11  per  cent.  Filamentous  forms,  actinomycetes,  and  uncharacterized  forms 
constituted  only  5  per  cent  of  the  total. 


table  I 

Average  Percentage  Distribution  of  Different  Bacterial  Groups 
IN  Gingival  Smears 


GINGIVAL  MARGIN  | 

TOOTH  SURFACE  | 

GINGIVAL  POCKET 

NORMAL 
PER  CENT  ' 

GINGIVITIS 

PER  CENT 

NORMAL 

PER  CENT 

GINGIVITIS 
PER  CENT  ' 

NORMAL  1 
PER  CENT  1 

GINGIVITIS 

PER  CENT 

Gram  +  cooci 

86 

65 

36 

19 

38 

10 

Gram  -  eocei 

3 

7 

2 

9 

3 

11 

Gram  +  rods 

9 

11 

49 

35 

40 

22 

Gram  —  rods 

0.8 

7 

4 

8 

2 

8 

Fusiforms 

0.9 

5 

3 

13 

7 

15 

Spirochetes 

- 

2 

0.5 

6 

0.6 

17 

Filaments 

— 

0.3 

2 

2 

5 

3 

Vibrios 

- 

2 

0.7 

7 

1 

11 

Actinomycetes 

- 

0.4 

3 

2 

4 

2 

Miscellaneous 

0.8 

0.6 

0.8 

0.3 

0.5 

0.2 

2.  Bacterial  Cultures. — The  cultural  studies,  although  they  revealed  only 
some  of  the  types  recognized  in  smears,  confirmed  the  distribution  of  micro- 
organisms  shown  in  Table  I.  They  also  indicated  that  the  Gram-negative  cocci 
found  in  the  gingival  pocket  are  mostly  anaerobic. 

3.  Bacteria-free  Filtrates. — Skin  tests  were  performed  by  intradermal  injec¬ 
tions  of  the  bacteria-free  filtrates  into  rabbits.  Early  skin  tests  showed  different 
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reactions  between  new  and  previously  injected  animals.  These  early  tests  were 
so  inconsistent  that  they  have  not  been  recorded.  * 

In  rabbits  sensitized  by  injections  of  gingival  scrapings,  the  reactions  ob¬ 
tained  did  not  entirely  correspond  to  the  type  and  degree  of  inflammation 
present  in  the  experimental  subjects.  Thirty-two  filtrates  were  tested.  Of 
these,  twenty-five  were  prepared  from  gingival  deposits  from  patients  with 
nonspecific  gingivitis;  the  remaining  seven  were  obtained  from  the  control 
group. 

Of  the  twenty-five  gingivitis  filtrates,  six  gave  a  slight  positive  reaction, 
while  six  gave  definite  positive  reactions.  The  remaining  thirteen,  as  well  as 
the  seven  control  filttates,  did  not  elicit  any  reaction  in  sensitized  rabbit  skin. 

In  the  instances  where  positive  results  were  obtained,  the  rubor  and  tumor 
started  from  one  to  two  minutes  after  the  injections,  reached  a  peak  after 
another  five  to  six  minutes,  and  then  disappeared  rapidly. 

Five  sintered  glass  filtrates,  prepared  from  patients  with  gingivitis,  were 
tested  for  the  presence  of  a  “spreading  factor,”  using  India  ink  as  an  indi¬ 
cator.  These  filtrates  were  compared  in  their  action  to  injections  of  hyalu- 
ronidase  solutions  (Wydase)  and  solutions  of  physiologic  saline  solution. 
Three  of  the  filtrates  showed  an  effect  in  rabbit  skin  comparable  to  that  of  150 
TRU  of  hyaluronidase,  and  two  showed  a  less,  but  still  definite,  effect. 

4.  Blood  Smears. — These  did  not  reveal  any  significant  difference  in  the 
proportions  of  the  various  types  of  white  cells.  In  three  of  the  twenty-five  cases 
a  slight  increase  in  the  number  of  eosinophils  was  noted. 

5.  Biopsies. — Tissue  sections  stained  for  bacteria  showed  a  few  microorgan¬ 
isms  in  the  connective  tissue  in  four  of  the  twentj-four  cases. 

6.  Aspirations. — All  aspirates  were  negative  for  the  presence  of  micro¬ 
organisms. 

DISCUSSION 

The  distribution  of  various  groups  of  organisms  found  in  the  smears  from 
the  gingiva  is  of  interest  because  it  brings  out  differences  other  than  the  great 
increase  in  the  number  of  organisms  in  gingivitis,  which  are  not  observed  in 
routine  smears.  This  undoubtedly  is  the  result  of  the  careful  sampling  procedure 
used,  which  separated  three  distinct  areas  and  reduced  to  a  minimum  the  con¬ 
tamination  of  the  sample  from  the  gingival  pocket  with  bacteria  from  the  over- 
lying  marginal  or  tooth  surface  areas.  It  was  noted  that  in  both  the  experi¬ 
mental  and  control  groups  there  were  definite  patterns  of  difference  between  the 
bacterial  flora  in  the  three  areas.  Although  the  smears  from  the  inflamed  gingiva  * 
showed  increases  in  the  percentages  of  vibrios,  spiroehetes,  and  fusiform  or¬ 
ganisms,  no  bacterial  types  were  found  which  did  not  occur  in  smaller  numbers 
about  normal  gingiva.  This  points  up  an  unexplained  host-parasite  relation¬ 
ship  between  the  tissue  inflammation  and  the  change  in  the  bacterial  picture. 

If  the  alteration  in  the  bacterial  flora  is  not  the  result  of  a  change  in  the 
tissues,  and  we  can  offer  no  evidence  that  it  is,  then  it  must  be  assumed  that  . 
the  tissue  change  is  the  result  of  bacterial  activity.  Basically,  bacteria  produce 
inflammation  by  their  production  of  tissue-irritating  substances.  These  could 
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be  the  classical  exotoxins  or  endotoxins,  pharmacologically  active  metabolites, 
such  as  histamine,  or  bacterial  enzymes,  such  as  hyaluronidase,  collagenase, 
mucinase,  protease,  or  lecithinase.  Since  our  tissue  studies  indicate  that  bac¬ 
teria  were  rarely  found  in  the  gingival  tissue,  the  mechanism  by  which  the  in- » 
flammation  is  produced  still  has  to  be  explained.  Since  our  tests  on  sensitized 
rabbits  gave  inconsistent  results,  and  since  the  tissue  findings  and  blood  counts 
did  not  indicate  allergic  change,  it  seems  that  the  tissue  effects  are  more  likely 
to  be  brought  about  by  tissue  irritants  of  bacterial  origin.  In  this  way,  organ¬ 
isms  which  are  nonpathogenic  in  the  classical  sense  could  prepare  the  ground 
for  other  organisms  or  agents  which  would  produce  tissue  irritation.  The  find¬ 
ings  in  rabbits  on  injection  of  gingival  filtrates  make  this  seem  likely.  They 
also  demonstrate  that  the  bacterial  cell  is  not  the  only  biologically  active  con¬ 
stituent  of  gingival  pocket  debris.  The  demonstration  of  a  hyaluronidase-like 
effect  is  particularly  interesting,  since  it  has  been  shown  and  reported  elsewhere® 
that  this  enzyme,  which  is  produced  by  many  oral  bacteria,  may  change  or  even 
remove  the  intercellular  substance  of  crevicular  epithelium  and  thus  render 
the  epithelium  less  resistant  to  the  attack  of  other  microorganisms. 

SUMMARY 

A  differential  count  in  different  regions  of  the  human  gingival  area  and 
the  tooth  surface  in  twenty-five  individuals  with  nonspecific  marginal  gingi¬ 
vitis  and  ten  patients  with  clinically  normal  gingivae  revealed  a  definite  pat¬ 
tern  of  distribution  of  various  bacterial  types.  It  was  noted  that  in  non-< 
specific  gingivitis  there  Avas  an  increase  in  the  total  number  of  organisms  in  all 
areas  and  a  relative  increase  in  the  percentages  of  spirochetes,  fusiforms,  and 
vibrios,  as  w^ell  as  Gram-negative  cocci. 

Injection  and  aspiration  of  saline  solution  in  the  gingiva  and  the  study  of  » 
stained  sections  for  bacteria  failed  to  reveal  bacteria  in  the  deeper  gingival 
tissues. 

To  determine  whether  products  of  bacterial  activity  can  cause  gingival 
infiammation,  bacteria-free  filtrates  were  prepared  from  bacteria  collected 
from  the  gingival  margin,  by  freezing  and  thawing  or  filtration  through 
sintered  glass.  Some  of  the  filtrates  thus  prepared  gave  hyperemic  reactions , 
in  sensitized  rabbit  skin.  In  most  tests,  filtrates  produced  spreading  of  carbon 
particles  in  rabbit  skin  which  corresponded  wdth  that  produced  by  hyaluronidase. 

The  mechanism  of  the  production  of  gingivitis  by  bacteria  is  discussed. 
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MITOTIC  ACTIVITY  IN  THE  PERIODONTAL  TISSUES  OF  THE  RAT 

MOLAR 

H.  R.  MUHLEMANN,  M.l).,  D.D.S.,  H.  A.  ZANDER,  M.S.,  D.D.S.,  AND 
FRANZ  HALBERG,  M.D. 

From  the  Division  of  Periodontology,  School  of  Dentistry,  and  the  Department  of  Physiology, 
University  of  Minnesota,  Minneapolis,  Minn. 

IT  IS  the  purpose  of  this  report  to  present  the  results  of  an  investigation  of 
mitotic  activity  in  the  connective  tissue  of  the  periodontal  membrane  and  in 
the  epithelium  of  the  retromolar  mucosa.  Groups  of  male,  black  rats,  kept  on  a 
regimen  providing  for  ad  libitum  feeding,  single  housing,  relatively  constant 
environmental  temperature,  and  a  specified  schedule  of  lighting,  were  studied 
under  standardized  circumstances  of  sampling.  If  physiologj'  is  the  study  of 
function  under  ordinary  circumstances,^  the  findings  of  this  study  may  be 
described  as  physiologic.  Consequently,  they  will  be  of  interest  for  the  evalua¬ 
tion  of  mitotic  activity  in  pathologic  oral  tissues. 

During  the  progress  of  the  investigation,  two  incidental  findings  were  made. 
The  distribution  of  mitoses  at  certain  definite  sites  of  the  periodontal  membrane, 
as  described  herein,  could  point  to  the  mechanism  of  physiologic  repair  in  this 
tissue.  A  modification  of  mitotic  rate  in  the  interdental  papillae,  which  was  also 
noted,  may  be  an  effect  of  those  factors  w'hich  bring  about  leukocytic  infiltration 
in  this  structure. 

Local  factors  exert  marked  effects  upon  the  periodontium.  Nevertheless,  the 
observ’ed  fact  that  mitotic  rhythms  in  certain  oral  structures  are  synchronized 
with  the  twenty-four  hour  periodic  pattern  of  the  oi*ganism  as  a  whole  stands 
out  clearly. 

MATERIALS  AND  METHODS 

Thirty-one  male,  black  rats  were  used  for  this  study.*  They  were  5  months 
old  at  the  time  of  investigation  and  showed  no  signs  of  disease.  From  weaning 
and  throughout  the  investigation,  Purina  Fox  Uhow  and  tap  water  were  avail¬ 
able  to  the  rats  ad  libitum.  For  three  weeks  prior  to  the  start  of  the  study,  the 
animals  were  maintained  in  single  cages.  They  were  ke])t  in  a  room  maintained 
at  a  temperature  of  78°  ±  2°  F.,  and  illuminated  by  artificial  light  only.  The 
lights  w'ere  turned  on  at  6 :00  a.m.  and  off  at  6 :00  p..m.,  by  means  of  an  automatic 
switch.  Feeding  of  the  rats  and  the  cleaning  of  the  cages  were  limited  to  a 
certain  time  of  day  (around  5:30  p.m.),  and  did  not  extend  over  a  period  longer 
than  thirty  minutes. 

The  investigation  consisted  of  three  phases.  The  first  two  phases  comprised 
the  determination  of  the  twenty-four  hour  rhythms  in  (1)  rectal  temperature'* 

This  investigration  was  supported  by  a  research  grant  from  the  Division  of  Research 
Grants  and  Fellowships  of  the  Nationai  Institutes  of  Health.  United  States  Pubiic  Health 
Service. 

Received  for  publication,  July  17,  1953. 

•Line  3-Black,  maintained  at  the  Department  of  Biochemistry  at  the  University  of  Min¬ 
nesota,  St.  Paul  Campus. 
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and  (2)  number  of  tail  blood  eosinophils.®  The  third  phase  of  the  study  con¬ 
sisted  of  the  removal  of  samples  for  histologic  examination.  The  rats  were  divided 
into  two  groups  for  this  purpose.  Group  I,  comprising  fifteen  animals,  weighing 
280  ±  11  grams,  was  sacrificed  between  9:21  and  11:56  p.m.  (“night  rats”). 
Group  II,  sixteen  animals,  weighing  281  ±  7  grams,  was  sacrificed  between  6 :35 
and  8:48  a.m.  (“day  rats”).  The  rats  were  killed  (by  decapitation)  at  these 
tw'o  times  of  day  in  view'  of  the  results  obtained  in  the  two  earlier  phases  of 
study.  After  decapitation,  the  jaws  were  immediately  dissected  and  fixed  in 
Zenker-formalin  solution  within  two  minutes.  After  decalcification  with  5  per 
cent  nitric  acid  follow'ed  by  celloidin  embedding,  histologic  sections  were  pre¬ 
pared  from  all  the  lower  jaws. 


Fig.  1. — Periodontal  membrane  of  three  lower  rat  molars  (one  periodontal  membrane 
unit,  P.M.U.).  RE,  Region  of  retromolar  epithelium.  I,  Interdental  papilla  between  first  and 
second  molars.  II,  Interdental  papilla  between  second  and  third  molars. 


The  low'er  left  jaw'  was  sectioned  in  a  mesiodistal  direction.  The  region  of 
the  three  molars  including  the  mesial  and  distal  roots  of  these  teeth  was  used 
for  study.  The  sections  were  stained  w'ith  hematoxylin  and  eosin.*  Mitoses  and 
resting  nuclei  w'ere  counted  (magnification  xOOO).  A  total  of  approximately 
2,000  cells  per  rat  was  counted  for  the  evaluation  of  mitoses  in  the  retromolar 
epithelium.  Approximately  1,000  cells  per  rat  were  counted  in  specimens  from 
the  epithelium  of  the  papillae.  For  the  connective  tissue,  the  number  of  mitoses 
in  three  periodontal  membrane  units!  per  rat  w’as  recorded.  The  sites  of 
mitoses  were  noted  with  reference  to  their  proximity  to  certain  sites  of  the 
adjacent  molar  roots. 

♦Phases  of  mitosis  were  more  readiiy  detected  if  the  hematoxylin  staining  was  not  too 
intense. 

tThe  periodontal  membrane  adjacent  to  the  roots  of  the  three  molars  will  be  referred  to 
as  a  "periodontal  membrane  unit"  (P.M.U.,  see  Fig.  1). 
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FINDINGS 

Twenty-four  Hour  Periodicity  in  the  Epithelium  of  the  Retromolar  Region 
and  in  the  Connective  Tissue  of  the  Periodontal  Membrane. — Mitotic  activity  in 
these  two  structures  is  described  in  Pig.  2.  The  findings  on  the  twenty-four 
hour  rhythms  in  body  temperature  and  in  number  of  circulating  tail  blood 
eosinophils  are  also  presented  in  this  figure.  It  can  be  seen  that  at  the  time  of 
the  usual  “high”  in  rectal  temperature,  which  has  been  noted  to  coincide  with 
the  low  in  eosinophil  level,®  the  number  of  mitoses  in  the  retromolar  region  and 


in  the  connective  tissue  of  the  periodontal  membrane  is  at  a  low  (night  speci¬ 
mens).  Conversely,  at  the  time  of  the  low  in  rectal  temperature  (day  speci¬ 
mens),  the  number  of  mitoses,  as  well  as  the  eosinophil  level,  is  at  a  high.  The 
means  and  the  standard  errors  of  the  data  and  the  results  of  Student’s  t  tests 
are  also  given  in  Fig.  2.  The  differences  noted  are  hardly  the  result  of  random¬ 
sampling  error.  On  the  contrary,  it  appears  fair  to  conclude  that  mitotic 
rhythms  in  the  retromolar  mucosa  and  in  the  connective  tissue  of  the  periodontal 
membrane  are  a  feature  of  the  physiology  of  the  rats  investigated.  It  is  also 
apparent  that  the  mitotic  rhythms  described  in  this  study  for  Line  3-Black 


F'iK.  4. — Late  telophase  in  periodontal  membrane  (higher  magnification  of  Fig.  3.  X  1.200). 

represent  indices  of  periodicity  in  oral  structures,  these  results  suggest  that  the 
mechanisms  which  control  twenty-four  hour  periodic  phenomena  in  the  organ¬ 
ism  as  a  whole  have,  also,  marked  effects  upon  certain  oral  structures. 
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rats  show  marked  parallelisms  with  the  twenty-four  hour  rhythms  in  number  of 
eosinophils  and  in  rectal  temperature.  If  the  numbers  of  mitoses  in  the  retro- 
molar  epithelium  and  in  the  connective  tissue  of  the  periodontal  membrane 


Fig.  3. — Mitoses  in  transseptal  fibers  of  pierlodontal  membrane  (x240). 
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Mitotic  Activity  in  Areas  of  Gingival  Inflammation  (the  Epithelium  of  the 
Interdental  Papillae). — A  considerable  leukocytic  infiltration  was  noted  for  the 
interdental  papillae,  in  marked  contrast  to  the  absence  of  leukocytes  in  the 
specimens  from  the  retromolar  region.  Significant  differences  in  number  of 
mitoses  between  day  specimens  and  night  specimens  w'ere  not  found  for  this 
structure. 


Fig.  5. — Metaphase  and  late  prophase  in  periodontal  membrane  (x870). 


The  Distribution  of  Mitoses  in  the  Periodontal  Membrane. — For  technical 
reasons,  the  evaluation  of  mitoses  in  the  periodontal  membrane  had  to  be  under¬ 
taken  without  a  count  of  the  resting  cells.*  Mitotic  activity  in  this  structure  is, 
therefore,  expressed  as  number  of  mitoses  per  periodontal  membrane  unit.  The 
number  of  mitoses  appeared  to  be  sufficiently  high  to  lend  itself  for  a  semi- 
quantitative  evaluation  of  mitotic  rate  as  well  as  of  distribution  of  mitoses.  On 

•The  specimens  examined  were  10  microns  thick.  Despite  attempts  to  count  the  number 
of  flbroblasts  at  different  depths  of  the  preparation,  a  true  count  of  the  resting  cells  couid 
not  be  obtained. 
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the  average,  twenty-three  mitoses  were  found  per  three  periodontal  membrane 
units.  Thirty-three  per  cent  of  all  the  mitoses  were  found  in  the  periodontal 
membrane  of  the  first  molar,  30  per  cent  in  that  of  the  second  molar,  and  37 
per  cent  in  the  periodontal  membrane  of  the  third  molar.  The  similarity  of 
these  averages  seems  to  lend  confidence  to  the  fairness  of  employing  periodontal 
membrane  units  as  reference  for  the  evaluation  of  the  numbers  of  mitoses  in 
this  structure.  The  majority  of  the  mitoses  recorded  for  the  periodontal  mem¬ 
brane  were  from  fibroblasts  (69  per  cent) ;  31  per  cent  were  endothelial  mitoses. 
It  is  well  known  that  the  periodontal  membrane  contains  dense  connective  tissue 
fibers  (for  example,  transseptal  and  alveolar  crest  fibers)  as  well  as  loosely 
arranged  fibers.  The  shape  of  dividing  fibroblasts  in  these  two  areas  is  not  the 
same.  In  the  dense  connective  tissue,  the  cell  body  is  compressed  longitudinally 


Fig-.  6. — Endothelial  mitoses  in  periodontal  membrane  (xl,200).  A,  Metaphase  of 
endothelial  cell  (of  a  capillary),  longitudinal  section.  B,  Metaphase  of  endothelial  cell,  per¬ 
pendicular  section. 


(Figs.  3  and  4),  while  it  is  ovoid  or  polyangular  if  the  fibers  are  loosely  arranged 
(Fig.  5).  Mitoses  of  fibroblasts  in  both  of  these  areas  are  easily  differentiated 
from  endothelial  mitoses  (Fig.  6).  The  latter  can  be  recognized  easily  by  their 
proximity  to  a  vascular  lumen  with  or  without  formed  elements  and  also  by  the 
larger  cell  body  and  by  the  often  less-pronounced  eosinophilia  of  their  proto¬ 
plasm.  The  distinctions  between  the  different  dividing  cells  may  be  of  morpho¬ 
logic  interest.  For  the  purpose  of  this  study,  however,  all  the  cells  encountered 
in  mitosis  were  pooled.  Fig.  7  shows  that  mitoses  were  found  throughout  the 
whole  width  of  the  periodontal  membrane.  It  can  also  be  seen  that  mitoses  were 
more  frequent  in  the  neighborhood  of  the  alveolar  bone.  Fig.  8  illustrates  the 
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distribution  of  mitoses  in  the  periodontal  membrane  along  the  molar  roots.  The 
findings  recorded  for  the  three  molars  were  pooled  for  this  purpose.*  It  can  be 
seen  that  considerably  more  mitoses  were  recorded  for  the  regions  adjacent  to 
the  bifurcation  and  around  the  apices  of  the  roots  than  in  the  rest  of  the 
periodontal  membrane.  Smaller  accumulations  of  mitoses  were  recorded  around 
the  coronal  part  of  the  acellular  cementum,  except  for  the  distal  side  of  the 
mesial  roots,  where  no  mitoses  were  found. 

NO. 

ROOT  BONE  MITOSES 


Fig.  7. — Accumulation  of  mitoses  in  the  neighborhood  of  the  alveolar  bone. 


DISCUSSION 

The  mechanisms  which  bring  about  the  twenty-four  hour  periodicities  in 
mitosis  described  for  the  retromolar  epithelium  and  for  the  connective  tissue 
of  the  periodontal  membrane  may  be  related  in  part  to  those  which  control 
twenty-four  hour  periodic  phenomena  at  the  organismic  level.^  However,  the 
parallelisms  noted  do  not  in  themselves  prove  this  functional  relationship.  More¬ 
over,  twenty-four  hour  periodicity  was  not  detected  for  the  papillae  in  the 
specimens  collected  at  the  times  of  day  chosen  for  sampling  in  this  study.  The 
findings  for  the  interdental  papillae  cannot  be  interpreted  without  additional 
data,  but  it  seems  likely  that  local  factors  modify  mitotic  activity  in  this  struc¬ 
ture. 

The  morphologic  finding  of  a  considerable  leukocytic  infiltration  in  the 
interdental  papillae,  in  marked  contrast  to  the  absence  of  leukocytes  in  the 
retromolar  area,  is  in  keeping  with  the  reports  of  other  investigators.®  This 
leukocytic  infiltration  may  be  related  to  some  of  the  differences  in  mitotie  rate 
recorded  in  the  course  of  this  study.  A  comparison  of  inflamed  and  noninflamed 

*Inspection  of  the  data  for  the  individual  molar  roots  did  not  reveal  obvious  differences 
In  the  distribution  of  mitoses  among  the  three  molars. 
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areas  within  the  interdental  papillae  shows  a  higher  proportion  of  mitoses  in 
noninflamed  areas  (Px^  <  0.0005).  It  is  of  further  interest  that  the  areas  of 
leukocytic  infiltration  within  each  of  the  two  papillae  were  not  ecjual.  More 
such  areas  were  seen  in  the  papilla  between  the  second  and  third  molars  ( Papilla 
II)  than  in  that  between  the  first  and  second  molars  (Papilla  I).  The  number 
of  mitoses  reported  for  Papilla  I  was  higher  than  that  noted  for  Papilla  II.  The 


Kijf.  8. — Accumulation  of  mitoses  in  certain  areas  around  the  molar  roots. 

differences  (between  Papillae  I  and  II)  in  the  i)roportion  of  cells  in  mitosis 
to  the  total  number  of  cells  counted  is  significant  below  the  1  per  cent  level 
(Px*  =  0.002).  While  it  appears  from  the  inspection  of  the  slides  that  leuko¬ 
cytic  infiltration  may  reach  proportions  which  entail  degeneration  and  may 
consequently  inhibit  cell  division,  this  is  not  proved  by  this  study,  which  was  not 
planned  to  evaluate  possible  relationship  between  the  degree  of  leukocytic 
infiltration  and  the  number  of  mitoses.  Further  work  seems  to  be  necessary 
for  the  elucidation  of  a  possible  effect  of  inflammation  upon  mitotic  activity  in 
the  interdental  papillae. 
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Two  additional  incidental  finding's  were  made  in  the  course  of  this  study : 

(1)  a  higher  mitotic  rate  was  noted  for  the  periodontal  membrane  adjacent  to 
the  alveolar  bone  as  compared  with  the  rest  of  the  periodontal  membrane,  and 

(2)  an  accumulation  of  mitoses  was  found  in  certain  areas  around  the  molar 
roots.  Both  these  findings  may  indicate  possible  functional  relationships:  oc¬ 
clusal  wear,  eruption,  drifting,  and  tipping  of  teeth,  among  other  possible 
factors,  may  contribute  to  the  pattern  of  distribution  noted  for  mitoses  in  this 
investigation.  Correspondingly,  perhaps,  mitotic  distribution  could  yield  some 
clues  for  the  study  of  the  mechanisms  of  apposition  of  cementum  and  of  hone. 

SUMMARY 

Thirty-one  black  male  rats  5  months  of  age  were  studied  under  standardized 
circumstances.  Mitotic  activity  in  certain  periodontal  structures  was  evaluated. 
Marked  mitotic  periodicities  were  noted  for  the  retromolar  epithelium  and  for 
the  connective  tissue  of  the  periodontal  membrane.  These  mitotic  rhythms  were 
compared  with  the  twenty-four  hour  rhythms  in  number  of  circulating  eosino¬ 
phils  and  in  rectal  temperature.  The  findings  seem  to  indicate  that  certain 
oral  structures  follow  the  twenty-four  hour  periodic  pattern  of  function  in  the 
organism  as  a  whole.  The  effect  of  a  mechanism  for  mitotic  periodicity  at  the 
organismic  level  may  be  modified  by  local  factors.  In  the  specimens  collected 
at  the  times  chosen  for  this  study,  significant  differences  in  the  number  of 
mitoses  were  not  detected  for  the  interdental  papillae.  The  role  of  the  presence 
as  well  as  that  of  the  degree  of  leukocytic  infiltration  is  considered  in  this  con¬ 
nection.  The  incidental  findings  of  definite  distribution  patterns  of  mitoses 
within  the  periodontal  membrane  and  along  the  molar  roots  are  presented  and 
discussed. 
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A  FAILURE  TO  PRODUCE  ENLARGEMENT  OF  GINGIVA  IN  RATS 
BY  USING  DILANTIN  SODIUM 

HENRY  M.  SWENSON,  B.S.,  D.D.S. 

Department  of  Periodontology ,  Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

The  reaction  of  Dilantin  Sodium  on  gingival  tissue  is  well  known  to  the 
dental  profession.  This  reaction  has  been  reproduced  with  various  degrees  of 
success  in  laboratory  animals.^’  ^  An  attempt  was  made  to  produce  enlargement 
of  the  gingiva  in  albino  rats  by  the  daily  administration  of  this  drug. 

Thirty-six  rats  were  used  for  this  experiment,  which  lasted  for  ninety  days. 
They  were  fed  a  diet  consisting  of  %  ground  whole  wheat,  powdered  milk, 
and  1  per  cent  sodium  chloride.  The  Dilantin  Sodium  was  prepared  in  a  solution 
of  1.0  mg.  to  1  c.c.  of  water.  This  was  calculated  to  be  almost  twice  the  human 
dosage  on  a  weight  basis.  The  rats  received  daily  injections  intraperitoneally  of 
1  c.c.  of  this  solution. 

It  is  apparent  that  when  this  drug  is  administered  to  human  beings,  the 
amount  of  enlargement  of  the  gingiva  is  frequently  proportionate  to  the  amount 
of  irritation  in  the  mouth.®’  *  To  induce  local  irritation  in  the  rats,  stainless 
steel  wire  was  wrapped  around  the  lower  anterior  teeth  on  eighteen  of  the 
animals.  Nine  of  these  received  daily  injections  of  Dilantin  Sodium  while  the 
other  nine  were  used  as  controls.  The  remaining  eighteen  rats  w’ere  divided 
into  two  equal  groups,  one  group  receiving  Dilantin  and  the  other  acting  as  a 
control.  The  drug  was  administered  daily  for  ninety  days,  after  which  time 
the  animals  were  sacrificed. 


RESULTS 

The  gingivae  were  examined  grossly  and  microscopically.  There  was  a 
slight  increase  in  round  cell  infiltration  in  the  rats  with  the  wires.  In  the  two 
groups  without  the  wires,  there  was  no  perceptible  change.  No  systemic  effects 
from  the  drug  were  noted.* 

CONCLUSIONS 

The  daily  administration  of  1.0  mg.  of  Dilantin  Sodium  for  ninety  days 
did  not  produce  gingival  enlargement  in  rats.  A  slight  infiammatory  reaction 
can  be  produced  with  the  use  of  wires  around  the  teeth.  This,  however,  did  not 
result  in  a  different  reaction  to  Dilantin  Sodium  when  compared  with  the  control 
group  without  the  wires. 
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STUDIES  OF  THE  RESPIRATION  OF  THE  MICROBIAL  FLORA  OF 

HUMAN  SALIVA 

GEORGE  W.  BURNETT,  D.D.S.,  Ph.D. 

Department  of  Dental  Research,  Army  Medical  Service  Graduate  School,  Walter  Reed  Army 
Medical  Center,  Washington,  D.  C. 

INTRODUCTION 

SEVERAL  species  of  microorganisms  with  widely  divergent  activities  have 
been  described  as  being  active  in  dental  caries.  The  bacterial  species  most 
often  reported  as  being  the  specific  etiological  agents  of  dental  caries  are  lacto- 
bacilli,*"®  streptococci,^  ®  and  proteolytic  bacteria.^*” 

While  the  metabolism  and  biochemical  reactions  of  these  individual  bacterial 
species  have  been  studied  in  some  detail,  and  many  of  their  actions  are  known, 
it  is  still  questionable  whether  all  the  reactions  observed  in  saliva  or  on  the 
tooth  surface  causing  the  initiation  or  continuation  of  the  carious  process  are 
the  actions  of  any  single  strain  or  species  of  bacteria.  Numerous  bacterial 
species  are  normal  inhabitants  of  saliva,  and  each  strain  or  species  must  have 
some  influence  on  the  total  metabolism  and  reactions  occurring  in  such  salivas. 
Likewise,  numeroiis  bacterial  species  are  present  in  the  carious  lesion.  Recent 
studies  by  Burnett  and  Scherp^^  indicate  that  at  least  three  species  of  bacteria 
may  function  in  some  way  in  the  deeper  portions  of  the  advancing  carious  lesion 
of  dentin.  Little  is  known,  however,  of  the  combined  action  or  the  results  of  the 
metalmlism  of  the  total  microbial  flora  of  saliva  or  of  the  carious  lesion.  Recent 
studies  of  the  metabolism  of  the  microbial  flora  of  saliva  are  those  of  Hartles  and 
McDonald,^®  and  the  preliminary  report  of  Burnett.®*  Since  these  studies  have 
indicated  that  some  information  concerning  the  combined  oral  microbial  flora 
may  be  obtained  by  utilizing  whole  saliva,  this  report  is  concerned  with  the 
study  of  the  respiration  of  the  total  oral  microbial  flora  of  human  saliva  in 
regard  to  caries  activity,  and  with  ascertaining  the  action  of  carbohydrates  and 
inhibitors  on  the  metabolism  of  the  microorganisms  of  such  salivas. 

EXPERIMENTAL  PROCEDURES 

Human  saliva  used  in  this  study  was  obtained  from  a  group  of  individuals 
whose  past  caries  experience  was  determined  by  clinical  examination  and  w’hose 
caries  susceptibility  or  immunity  was  measured  by  lactobacilli  counts  made  on 
Rogosa’s  medium,®*  and  by  Snyder’s  test,®®  before  and  during  the  time  in  which 
the  metabolism  of  the  microbial  flora  of  their  saliva  was  studied.  On  the  basis 
of  the  clinical  examination  and  various  caries  activity  tests,  the  individuals 
studied  were  divided  into  (1)  those  who  were  caries  susceptible,  (2)  those  who 
were  moderately  caries  susceptible,  (3)  those  who  were  very  slightly  susceptible 
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to  dental  caries,  and  (4)  those  who  apparently  were  not  susceptible  to  dental 
caries.  The  criteria  which  were  used  to  establish  the  various  groups  were  as 
follows : 

Group  1.  Snyder’s  test  indicated  marked  caries  activity;  Lactcbacillus 
counts  more  than  100,000;  a  history  of  one  or  more  new  carious 
lesions  in  the  previous  year. 

Group  2.  Snyder’s  test  indicated  moderate  caries  activity;  Lactobacillus 
counts  ranged  from  10,000  to  100,000;  history  of  one  or  more 
new  carious  lesions  in  the  previous  two  years. 

Group  3.  Snyder’s  test  indicated  slight  caries  activity;  Lactobacillus 
counts  ranged  from  100  to  10,000;  history  of  one  or  more  new 
carious  lesions  in  the  previous  three  years. 

Group  4.  Snyder’s  test  indicated  no  caries  activity;  Lactobacillus  counts 
never  more  than  100;  no  history  of  caries  experience  in  the 
previous  four  years. 

Ten  milliliters  of  saliva  was  collected  from  the  individuals  of  each  group  be¬ 
tween  9:00  A.M.  and  9:30  a.m.  each  morning  by  having  them  chew  a  small  piece 
of  paraffin  (melting  point  48.9°  to  50.6°  C.)  during  the  period  of  collection.  The 
collected  saliva  was  allowed  to  equilibrate  with  air  for  ten  minutes,  after  which 
each  1.8  ml.  was  buffered  with  1.0  ml.  of  lM/50  phosphate  buffer  (pH  7.1).  The 
o.xygen  consumption  of  the  microbial  flora  of  the  buffered  saliva  was  then 
determined  at  37.5°  C.  by  the  “direct  method”  of  Warburg.^^  When  they  were 
utilized,  carbohydrates  or  inhibitor}"  substances  were  added  to  the  Warburg 
flask  to  make  the  final  concentration  as  indicated.  In  some  experiments,  whole 
saliva  was  utilized  which  was  collected  from  Macmus  rhesus  by  drawing  it  from 
the  oral  cavity  with  a  plastic  tube  or  by  collecting  it  from  a  cannula  placed  in 
the  parotid  duct  of  an  anesthetized  monkey.  The  respiration  rate  of  the 
microbial  flora  of  saliva  collected  from  monkeys  was  determined  by  the  method 
similar  to  that  used  for  human  saliva.  Amylase  activity  of  human  saliva  was 
determined  by  the  method  described  by  Hawk,  Oser,  and  Summerson.^® 

RESULTS 

The  source  of  oxygen  consumption  in  whole,  stimulated  saliva  was  an 
important  factor  which  had  to  be  considered  before  proceeding  to  a  more 
detailed  study  of  the  relationship  of  its  oxygen  consumption  to  caries  activity, 
or  the  action  of  inhibitors  or  carbohydrates  on  such  salivas.  Since  it  was  likely 
that  the  viable  microorganisms  of  saliva  or  their  enzyme  systems  were  chiefly 
responsible  for  the  oxygen  consumption,  one  approach  to  the  problem  was  con¬ 
cerned  with  the  amount  of  oxygen  utilized  by  a  sample  of  saliva  after  partial  or 
complete  removal  of  its  microorganisms,  in  comparison  to  that  utilized  by  the 
same  saliva  containing  its  normal  microbial  flora.  The  first  attempt  to  remove 
the  microorganisms  partially  from  whole,  stimulated  human  saliva  was  made 
by  centrifuging  it  at  4,000  r.p.m.  for  one  hour.  Bacterial  cultures  showed  that 
a  few  viable  microorganisms  remained  in  the  supernatant  of  the  centrifuged 
saliva.  The  oxygen  consumption  of  the  supernatant  of  centrifuged  and  of  whole. 
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stimulated  saliva  from  the  same  individual  is  shown  in  Table  I.  These  data 
indicate  that  the  partial  removal  of  the  microbial  flora  of  saliva  by  centrifuging 
for  one  hour  at  4,000  r.p.m.  considerably  decreased  but  did  not  inhibit  the 
oxygen  consumption,  for  centrifuged  saliva  utilized  27.7  /xl  of  oxygen  in  one 
hour  as  compared  to  the  utilization  of  196.6  /d  by  the  undisturbed  microbial 
flora  of  an  aliquot  of  the  same  saliva  during  the  same  period  of  time.  Thus  the 
partial  removal  of  the  microorganisms  from  the  saliva  caused  a  decrease  of 
oxygen  consumption  of  85.9  per  cent. 


Table  I 

Mk’roliters  of  Oxygen  Utilized  by  Normal  and  Treated  Saliva  From  Humans  and 

Macacus  rhesus  Monkeys 


HUMAN 

SALIVA 

SEITZ  1 

MONKEY  SALIVA 

TIME 

(MIN.) 

WHOLE 

CENTRIFUGED* 

WHOLE 

FILTERED 

WHOLE 

CANNULATED 

15 

57.2 

15.9 

35.9 

7.5 

48.5 

1.3 

30 

101.1 

19.8 

74.5 

7.9 

69.1 

1.5 

45 

143.6 

26.4 

121.0 

13.2 

81.8 

2.6 

60 

196.8 

27.7 

163.6 

13.9 

114.3 

5.2 

75 

223.4 

14.5 

151.0 

6.1 

90 

184.8 

6.5 

•Centrifuged  at  4,000  r.p.m.  for  one  hour ;  supernatant  used  for  test. 


Since  a  few  viable  microorganisms  remained  even  in  the  supernatant  of 
centrifuged  saliva,  an  attempt  was  made  to  remove  all  the  microorganisms  from 
saliva  by  filtration.  A  10  ml.  sample  of  whole  saliva  was  divided  into  two 
aliquots.  One  aliquot  was  not  disturbed,  w’hile  the  other,  after  passing  through 
coarse  filter  paper  to  remove  any  large  particles  of  debris,  was  passed  through  a 
Seitz  filter  to  remove  the  microorganisms.  Cultures  of  the  Seitz-filtered  saliva 
were  negative.  The  oxygen  consumption  of  normal  and  filtered  saliva  was 
determined,  and  the  results  are  also  recorded  in  Table  I.  The  oxygen  consump¬ 
tion  of  the  saliva  from  which  the  microorganisms  had  been  removed  by  filtration 
was  14.5  fi\  during  seventy-five  minutes,  as  compared  to  223.4  /xl  utilized  by  the 
microbial  flora  of  normal  whole  saliva  during  the  same  time.  The  removal  of 
bacteria  by  filtration  caused  a  decrease  in  oxygen  consumption  of  93.5  per  cent. 
It  can  be  seen  that  the  removal  of  all  microorganisms  from  saliva  by  filtration 
caused  a  greater  decrease  in  oxygen  consumption  than  was  caused  by  the  partial 
removal  of  the  microbial  flora  by  centrifugation. 

Since  all  saliva  tested  so  far  had  been  previously  contaminated  with  various 
microorganisms,  the  uncontaminated  secretion  of  the  parotid  gland  was  obtained 
by  cannulating  the  parotid  duct  of  a  Mamcus  rhesus.  The  oxygen  consumption 
of  the  uncontaminated  saliva  was  then  determined  for  comparison  with  that  of 
whole  saliva  obtained  from  the  same  monkey  just  prior  to  cannulation.  The 
oxygen  consumption  of  these  salivas  is  shown  in  Table  I.  The  oxygen  consumed 
by  the  cannulated  saliva  was  only  6.5  fA,  in  comparison  to  the  utilization  of 
184.8  fd  by  the  microbial  flora  of  whole  saliva.  Thus,  the  uncontaminated 
secretion  fi-om  the  parotid  gland  of  the  monkey  utilized  96.4  per  cent  less 
oxygen  than  did  the  microbial  flora  of  whole  saliva.  These  results  indicate  that 
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the  progressive  removal  of  the  microorganisms  from  saliva  causes  a  decrease  in 
oxygen  consumption.  Therefore,  in  the  following  discussion  when  reference  is 
made  to  the  oxygen  consumption  of  saliva,  it  is  considered  to  be  that  of  the 
viable  microbial  flora  of  such  saliva. 

Since  our  studies  seemed  to  indicate  that  the  oxygen  utilization  of  saliva 
was  closely  associated  with  the  presence  and  activity  of  its  microbial  flora,  the 
action  of  a  number  of  inhibitory  conditions  or  substances  on  the  oxygen  utiliza¬ 
tion  of  .such  microorganisms  in  human  saliva  was  determined  for  comparison 
with  that  of  untreated,  but  similar,  whole  saliva.  A  12  ml.  sample  of  saliva 
was  divided  into  six  aliituots.  One  aliquot  was  placed  in  a  water  bath  at  100° 
C.  for  thirty  minutes,  after  which  its  oxygen  consumption  was  measured  in  the 
usual  manner  for  comparison  with  other  aliquots  treated  in  various  ways.  F our 
additional,  undisturbed  aliquots  were  added  to  Warburg  flasks  with  various 
inhibitory  substances  in  the  side  arm  for  addition  to  the  saliva  at  the  proper 
time  to  determine  their  effect  on  oxygen  utilization.  In  Fig.  1  the  oxygen 
utilization  of  the  microbial  flora  of  the  saliva  samples  treated  in  different  ways  is 
compared  to  that  of  whole,  untreated  saliva.  With  the  exception  of  saliva 
heated  to  100°  C.,  the  other  samples  of  saliva  were  allowed  to  respire  for  fifteen 
minutes  before  the  addition  of  inhibitory  substances.  Heating  to  100°  C.  and 
the  addition  of  0.2  ml.  of  IM  .sodium  cyanide  or  0.2  ml.  of  IN  sulphuric  acid 
effectively  inhibited  oxygen  consumption  of  whole  saliva.  With  the  saliva,  the 
addition  of  200  p.p.m.  of  fluorine  as  sodium  fluoride  partially  inhibited  oxygen 
consumption  during  the  first  thirty  minutes,  but  at  the  end  of  105  minutes, 
more  oxygen  had  been  utilized  by  the  microbial  flora  of  saliva  with  added 
fluoride  than  was  consumed  by  the  microorganisms  of  saliva  to  which  none  had 
l>een  added.  On  the  other  hand,  the  addition  of  1.6  per  cent  sodium  fluoride  to 
such  saliva  decrea.sed  its  oxygen  eonsum])tion  by  78  per  cent. 

When  preliminary  data  concerning  the  factors  which  contributed  to  the 
oxygen  consumption  of  .saliva  had  been  obtained,  the  utilization  of  oxygen  by 
the  salivary  microbial  flora  from  the  most  caries-active  and  the  least  caries- 
active  individuals  was  determined  on  successive  days  to  ascertain  the  degi-ee  of 
variation  which  might  occur  from  time  to  time  in  such  individuals.  The  results 
of  this  test  are  shown  in  Table  II.  The  oxygen  consumption  of  the  salivary 
microbial  flora  of  the  individual  considered  to  be  most  caries  susceptible  varied 
less  from  day  to  day  than  did  the  oxygen  consumption  of  the  salivary  microbial 
flora  of  the  individual  who  was  least  caries  susceptible  and  who  had  no  detectable 
caries  experience.  Further,  statistical  analysis  of  the  data  shows  that  the  rate 
of  oxygen  consumption  varied  more  in  the  .saliva  of  the  carie.s-inactive  individual 
than  it  did  in  the  saliva  of  the  caries-sasceptible  individual.  The  analysis  also 
shows  that  on  the  days  on  which  it  was  tested,  the  rate  of  oxygen  consumption 
varied  significantly  between  the  microbial  flora  of  the  salivas  of  the  two  individ¬ 
uals. 

To  determine  any  possible  relationship  between  oxygen  consumption  of  the 
microbial  flora  of  whole  saliva  and  caries  susceptibility  or  immunity,  the  oxygen 
consumption  of  a  group  of  individuals  with  varying  susceptibility  to  dental 
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paries  was  determined  on  consecutive  days.  These  results  are  shown  in  Table  III. 
The  data  for  the  oxygen  consumption  of  the  salivarj’  microbial  flora  of  each 
individual  were  analyzed  statistically,  and  the  critical  ratio  was  determined 
between  the  mean  oxygen  consumption  of  the  saliva  of  each  individual.  It  was 
possible  to  make  forty-five  comparisons  between  the  respiration  rates  of  the 
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microbial  flora  of  the  salivas  of  the  different  individuals,  and  it  was  found  that 
oxygen  consumption  of  the  saliva  of  71.2  per  cent  of  the  individuals  tested  varied 
significantly,  while  28.8  per  cent  did  not  do  so.  Slightly  different  results  were 
obtained,  however,  when  a  comparison  was  made  of  the  oxygen  consumption 
between  the  groups  having  different  rates  of  caries  susceptibility.  When  a 
comparison  was  made  of  the  caries-susceptible  group  versus  the  group  with 
moderate  caries  susceptibility,  the  oxygen  consumption  of  the  salivas  w'as  found 
to  differ  significantly  each  time.  The  same  result  was  obtained  w'hen  the  critical 
ratios  of  the  caries-.susceptible  versus  the  caries-inactive  group  were  compared. 
However,  when  the  moderately  caries-susceptible  group  was  compared  with  the 
caries-inactive  group,  the  oxygen  consumption  of  50  per  cent  of  this  group 
varied  significantly,  while  that  of  the  other  50  per  cent  did  not.  Ilow'ever,  the 
respiration  rate  of  saliva  of  the  individuals  of  any  one  group  was  not  consistently 
higher  or  lower  than  that  of  any  other  group,  for  the  individuals  who  were  caries 
susceptible  had  both  high  and  low'  respiration  rates.  Likewise,  Group  2  and  4 
salivas  had  both  high  and  low  respiration  rates. 


Table  II 

Comparison  of  the  Oxygen  Consumption  of  the  Microbial  Flora  op  the  Saliva  of  a 
Caries-Susceptible  With  That  op  a  Caries-Resistant  Individual 


MOST  CARIES-SUSCEPTIBLE  INDIVIDUAL  I 

LEAST  CARIES-SUSCEPTIBLE  INDIVIDUAL 

(fth  Oj  CONSUMED) 

(ml  0; 

,  CONSUMED) 

1  DAYS 

1  DAYS 

TIME 

(MIN.) 

^  1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

15 

42.5 

59.0 

56.3 

64.5 

60.4 

71.4 

36.2 

26.3 

23.8 

26.6 

39.8 

30 

80.9 

123.5 

107.1 

98.8 

138.6 

137.3 

68.2 

63.6 

48.9 

39.1 

78.2 

45 

123.5 

174.5 

172.9 

193.3 

196.3 

181.2 

121.1 

99.5 

71.3 

61.5 

133.1 

60 

171.6 

238.8 

216.9 

247.1 

244.3 

263.5 

182.3 

131.3 

100.4 

83.9 

168.8 

75 

221.0 

270.4 

251.2 

304.7 

286.9 

321.2 

244.9 

176.9 

133.4 

109.0 

216.9 

90 

273.1 

288.2 

278.6 

251.4 

369.2 

351.4 

320.0 

225.3 

166.5 

143.9 

267.6 

Mean 

— 

318.6 

226.4 

Standard  deviation 

= 

43.13 

= 

73.62 

Coefficient  of  variation 

zz 

13.5% 

= . 

32.5% 

Standard  error  of  mean 

— 

17.6 

32.86 

Mean/standard  error  of 

mean  = 

18.1 

z: 

6.8 

Critical 

ratio  z=  2.4 

The  effect  of  glucose  and  starch  on  the  oxygen  consumption  of  saliva  from 
individuals  having  varjung  caries  susceptibility  w'as  studied  next.  Of  the  ten 
individuals  studied,  three  w'ere  caries  susceptible,  three  were  moderately  caries 
susceptible,  one  was  only  slightly  caries  susceptible,  and  three  were  not  caries 
susceptible.  At  the  beginning  of  the  experiment,  the  carbohydrates  to  be  tested 
w'ere  added  to  the  saliva  in  the  proper  coneentration  (final  concentration  in  the 
Warburg  flask,  2  per  cent)  in  M/50  phosphate  buffer.  The  amylase  activity  of 
each  individual  was  determined  according  to  standard  methods.'*  The  results 
of  the  action  of  glucose  and  starch  on  the  oxygen  consumption  of  the  microbial 
flora  of  the  salivas  are  shown  in  Table  IV.  The  results  obtained  have  not  indi¬ 
cated  that  there  is  significant  relationship  between  amylase  activity,  caries 
activity,  or  rate  of  oxygen  consumption  of  the  salivary  microbial  flora.  The 
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addition  of  2  per  cent  glucose  to  the  salivas  of  the  individuals  with  varying 
susceptibility  caused  a  mean  increase  in  oxygen  consumption  over  that  of  normal 
saliva  of  28.1  per  cent,  with  a  standard  deviation  of  20.7.  The  addition  of  2 
per  cent  starch  to  such  salivas  caused  a  mean  increase  in  oxygen  consumption 
of  16.1  per  cent,  with  a  standard  deviation  of  19.0.  When  the  data  were 
analyzed  statistically,  the  critical  ratio  between  the  percentage  increase  of 


Table  III 


Respiration  oe  Whole,  Stimtlated  Human  Saliva  on  Sixteen  Consecutive  Pays 


INDIVIDUAL 

SEX 

AGE 

(YK.) 

CARIES 

ACTIVITY 

MEAN  fiL  OF  I 
0,  CONSUMPTION 
FOR  SIXTY 
MINUTES 

STAND-  1 
ARD 

DEVIA¬ 

TION 

COEF-  I 
FICIENT 

OF  VARIA¬ 
TION 

STAND¬ 

ARD 

ERROR  OF 

MEAN 

I. 

$ 

27 

1 

262.0 

100.8 

38.4 

30.3 

D 

9 

45 

1 

68.5 

21.9 

31.9 

6.6 

K. 

$ 

16 

1 

282.3 

73.2 

25.9 

21.0 

B 

S 

37 

2 

137.3 

44.0 

32.0 

13.2 

M 

$ 

38 

2 

169.0 

68.0 

40.1 

19.6 

K 

$ 

28 

2 

156.7 

37.2 

23.7 

14.0 

C 

$ 

34 

4 

162.7 

66.5 

40.9 

20.0 

B. 

$ 

27 

4 

98.1 

25.5 

29.1 

7.6 

P 

$ 

25 

4 

119.5 

43.8 

36.6 

13.2 

0 

9 

27 

4 

103.1 

33.2 

32.2 

11.0 

Critical  Ratios  Between  the  Rates  of  Oxygen  Consumption  of  the  Salivas  of  the  Different 

Indiridthals 


B 

vs 

c 

1.1 

C 

vs 

L 

2.7 

L 

vs 

M 

3.5 

M 

vs 

B, 

3.3 

B,  vs 

P 

1.4 

P 

VS 

D  3.5 

B 

vs 

L 

11.1 

C 

vs 

M 

0.2 

L 

vs 

B. 

5.2 

M 

vs 

P 

2.1 

B,  vs 

D 

2.9 

P 

vs 

0  0.9 

B 

vs 

M 

1.3 

C 

vs 

B, 

3.0 

L 

vs 

P 

4.3 

M 

vs 

D 

4.8 

B,  vs 

O 

0.3 

P 

vs 

K  1.9 

B 

vs 

B. 

2.5 

C 

vs 

P 

1.8 

L 

vs 

D 

6.2 

M 

vs 

0 

2.9 

B,  vs 

K 

3.6 

P 

vs 

K,  6.9 

B 

vs 

P 

2.1 

c 

V8 

D 

4.4 

L 

vs 

0 

4.9 

M 

vs 

K 

0.5 

B,  vs 

K, 

8.2 

0 

vs 

K  3.1 

B 

vs 

D 

4.6 

c 

vs 

0 

2.6 

L 

vs 

K 

3.1 

M 

vs 

K. 

3.9 

D  vs 

O 

2.7 

0 

vs 

K,  7.5 

B 

vs 

O 

1.9 

c 

vs 

K 

0.2 

L 

vs 

K, 

0.8 

D  vs 

K 

5.6 

B 

vs 

K 

1.0 

c 

vs 

K. 

4.1 

D  vs 

Ki 

9.6 

K 

vs 

K,  4.9 

B 

vs 

K. 

5.8 

Table  IV 


Action  of  Glucose  and  Starch  on  Oxygen  Consumption  of  the  Microbial  Flora  of  Whole 

Saliva  During  Sixty  Minutes 


INDI¬ 

VIDUAL 

.SEX 

AGE 

(YB.) 

CARIES 

SUSCEPTI- 
i  BILITY 

AMYLASE 

ACTIVITY 

WHOLE 
SAUVA 
(/IL  O,) 

WHOLE  1 
SALIVA 
+  2% 
GLUCOSE 

(ml  0,) 

% 

CHANGE 

OVER 

WHOLE 

1  SALIVA 

WHOLE 

SALIVA 

+  29f 

.STARCH 
(/IL  O,) 

% 

CHANGE 

OVER 

WHOLE 

SALIVA 

D 

9 

45 

1 

20 

42.5 

51.6 

-1-21.4 

42.6 

+0.2 

C 

$ 

34 

1 

25 

72.7 

99.1 

-H36.3 

54.5 

-25.0 

W 

$ 

36 

1 

50 

79.7 

89.0 

-fll.6 

88.5 

+11.0 

c 

9 

30 

2 

10 

157.8 

169.7 

+7.5 

187.5 

+  18.8 

M 

$ 

38 

2 

8 

176.1 

286.6 

+66.1 

237.8 

+35.0 

W 

$ 

36 

»> 

71 

68.5 

87.7 

+28.0 

76.0 

+11.0 

c. 

S 

45 

3 

125 

48.9 

80.7 

+65.0 

67.8 

+38.6 

C 

S 

34 

4 

25 

69.9 

100.2 

+43.3 

88.5 

+26.0 

B, 

$ 

27 

4 

50 

17.8 

19.0 

+6.7 

17.3 

-2.8 

$ 

30 

4 

45 

168.8 

160.2 

-3.1 

166.3 

-1.4 

Mean 

-1-28.1 

+16.1 

Standard  deviation 

20.7 

19.0 

CoeflScient  of 

variation 

73.8 

118.0 

Standard  error  of  mean 

6.5 

6.0 

Critical  ratio 


1.3 
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oxygen  consumption  due  to  the  addition  of  glucose  or  starch  was  less  than  2, 
indicating  no  sifrnificant  difference  between  the  effect  of  glucose  and  starch  on 
the  respiration  rates  of  the  microbial  flora  of  these  salivas. 

The  effect  of  200  p.p.m.  of  fluorine  as  sodium  fluoride  on  stimulated  saliva, 
saliva  to  which  2  per  cent  glucose  had  been  added,  and  saliva  to  which  2  per  cent 
starch  had  been  added  was  studied  in  nine  individuals  to  determine  the  action 
of  fluorine  on  the  utilization  of  glucose  and  starch  by  the  microbial  flora  of 
saliva.  The  results  are  shown  in  Table  V.  The  addition  of  a  final  concentration 
of  200  p.p.m.  of  fluorine  as  sodium  fluoride  to  whole  saliva  containing  no  added 
carbohydrate  caused  an  average  decrease  in  oxygen  consumption  of  6.1  per  cent, 
with  range  extending  from  an  increase  of  3.2  per  cent  to  a  maximum  decrease  of 
23.6  per  cent.  The  addition  of  2  per  cent  glucose  to  the  saliva  of  this  group  of 
individuals  caused  an  average  increase  in  oxygen  consumption  of  28.8  per  cent, 
with  range  of  the  individual  increase  extending  from  5.0  per  cent  to  50.2  per 
cent.  If  a  final  concentration  of  200  p.p.m.  of  fluorine  as  sodium  fluoride  was 
added  to  the  salivas  to  which  2  per  cent  glucose  had  been  added  also,  the 
mean  increa.se  in  oxygen  consumption  of  such  salivas  over  that  of  normal  saliva 
was  19.6  per  cent,  with  the  range  of  the  individual  increase  extending  from 
6.0  per  cent  to  44.4  per  cent.  The  addition  of  2  per  cent  starch  to  the  saliva 
of  the  individuals  tested  caused  an  average  increase  in  oxygen  consumption  of 
22.0  per  cent,  with  the  range  of  the  individual  increase  extending  from  none  to 
56.0  per  cent.  The  latter  mean  increase  in  oxygen  consumption  was  6.8  per  cent 
less  than  the  increase  which  occurred  when  similar  quantities  of  glucose  were 
added  to  such  salivas.  When  a  final  concentration  of  200  p.p.m.  of  fluorine  as 
sodium  fluoride  was  added  to  the  saliva  containing  2  per  cent  starch,  the  mean 
l)ercentage  increase  of  oxygen  consumption  over  that  of  normal  saliva  was  12.6 
per  cent,  with  range  of  the  individuals’  change  extending  from  a  decrease  of 
4.7  per  cent  to  an  increase  of  44.6  per  cent. 


Table  VI 

Percentage  Decrease  in  the  Oxygen  Consumption  of  the  Microbial  Flora  op  Sauva 
After  Addition  of  Concentrated  Fluorides 


TYPE  OF 
FLUORIDE* 

NUMBER  OF 
OBSERVATIONS 

INDIVIDUAL  1  I 

INDIVIDUAL  2 

%  DECREASE  AND  ITS 
STANDARD  ERROR 

%  DECREASE  ANT)  ITS 
STANDARD  ERROR 

NaF 

6 

64.5  ±  1.5 

58.3  ±  4.0 

CaF, 

5 

9.3  ±  1.7 

6.4  ±  2.5 

PbF, 

5 

69.2  ±  2.0 

44.2  ±  6.8 

Ca,PO,F 

4 

78.0  ±  3.1 

63.5  ±  5.5 

Na,PO,F 

5 

71.6  ±3.6 

65.1  ±  7.2 

•Final  concentration  of  all  fluorides,  1.6  per  cent. 


Another  experiment  was  performed  in  which  various  types  of  fluorides  in 
final  concentrations  of  1.6  per  cent  were  added  to  saliva  of  two  individuals 
having  moderate  caries  susceptibility.  The  results  of  this  experiment  are 
shown  in  Table  VI.  The  fluorides  added  to  the  saliva  were  sodium  fluoride, 
calcium  fluoride,  lead  fluoride,  calcium  monofluorophosphate,  and  sodium  mono- 
fluorophosphate.  In  a  concentration  of  1.6  jier  cent,  all  the  fluorides,  except 
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calcium  fluoride,  effectively  inhibited  the  oxygen  consumption  of  the  microbial 
flora  of  whole,  human  saliva.  Even  when  in  a  concentration  of  1.6  per  cent, 
calcium  fluoride  caused  an  average  decrease  in  oxygen  consumption  of  saliva 
of  the  two  individuals  of  only  9.3  ±  1.7  per  cent  and  6.4  ±  2.5  per  cent,  respec¬ 
tively. 

DISCUSSION 

It  might  he  suspected  that  almost  all  the  metabolic  activity  in  saliva,  as 
exemplified  by  the  consumption  of  oxygen,  is  due  to  the  enzyme  systems  of  the 
viable  microbial  flora  normally  pre.sent  in  it.  This  is  demonstrated  by  the 
partial  or  complete  suppression  of  oxygen  consumption  by  partial  or  complete 
removal  of  microorganisms  from  whole,  stimulated  saliva.  Partial  removal 
of  the  viable  microbial  flora  of  saliva  by  centrifuging  inhibits  only  partially 
the  oxygen  consumption  of  such  saliva.  On  the  other  hand,  the  complete  removal 
of  bacteria  from  saliva  by  Seitz  filtration  effectively  inhibits  oxygen  consump¬ 
tion  more  than  the  partial  removal  of  the  microbial  flora  by  centrifugation.  The 
secretion  of  the  parotid  gland  of  the  monkey  which  had  not  been  contaminated 
with  oral  microorganisms  consumed  essentially  no  oxygen  in  comparison  to  that 
of  the  microbial  flora  of  normal,  whole  saliva,  indicating  that  no  metabolic 
process  which  consumed  oxygen  was  present  in  the  secretion  of  the  parotid  gland. 

Various  inhibitory  substances,  or  the  subjection  of  saliva  to  various  physical 
factors,  inhibited  oxygen  consumption  of  its  microbial  flora  by  varying  amounts. 
Heating  at  100°  C.,  and  the  addition  of  sodium  cyanide  and  sulfuric  acid 
effectively  inhibited  the  oxygen  consumption  of  the  microbial  flora  of  whole, 
stimulated  saliva.  On  the  other  hand,  the  addition  of  200  p.p.m.  of  fluorine 
caused  only  a  small  reduction  in  oxygen  consumption  of  such  saliva.  The  addition 
of  fluorine  to  saliva  decreased  its  oxygen  consumption,  but  this  decrease  was 
not  as  much  as  was  caused  by  the  addition  of  cyanide  or  sulfuric  acid,  or  by 
heating  to  100°  C.  The  addition  of  monosaccharides  or  polysaccharides  to 
whole,  stimulated  saliva  caused  an  increase  in  oxygen  consumption.  Generally, 
the  addition  of  a  relatively^  high  concentration  of  fluorine  (200  p.p.m.)  to  saliva 
to  which  no  carbohydrates  had  been  added  caused  no  great  decrease  in  the 
oxygen  consumption  of  the  microbial  flora  of  such  salivas.  However,  when  such 
concentrations  of  fluorides  were  added  to  saliva  containing  added  carbohydrates, 
the  metabolism  of  the  microbial  flora  as  exemplified  by  oxygen  consumption  was 
about  proportional  to  the  decrease  caused  when  fluorine  was  added  to  saliva 
containing  no  added  carbohydrates. 

These  findings  seem  to  indicate  that  carbohydrates  such  as  glucose  stimulate 
the  microbial  flora  of  saliva  to  utilize  oxygen  at  a  greater  rate  than  normal.  This 
system,  whatever  it  may  be,  is  not  particularly  sensitive  to  moderate  concen¬ 
trations  of  fluorine,  even  in  the  presence  of  added  glucose.  On  the  other  hand, 
this  sy'stem  is  sensitive  to  cyanide.  This  would  suggest  that  carbohydrates  are 
at  least  partially^  utilized  in  saliva  by  some  system  other  than  anaerobic 
degradation. 

The  relationship  of  the  oxygen  consumption  of  the  microbial  flora  of  saliva 
to  the  caries  activity  of  the  individual  is  not  well  correlated.  As  far  as  the 
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individual  was  concerned,  the  oxygen  consumption  of  the  saliva  of  caries-active 
individuals  differed  significantly  from  the  oxygen  consumption  of  the  saliva 
of  individuals  who  were  not  caries  active,  but  this  difference  was  not  consistently 
higher  or  lower.  For  instance,  among  those  who  were  caries  active,  there  were 
individuals  whose  saliva  consistently  consumed  a  large  amount  of  oxygen,  and 
other  individuals  who  consumed  a  small  amount  of  oxygen.  The  same  was  true 
of  the  saliva  of  caries-inactive  individuals,  but  when  comparisons  were  made  , 
betw’een  the  two  groups,  the  oxygen  consumption  of  such  salivas  differed 
significantly  when  no  consideration  was  given  to  whether  such  variations 
represent  high  or  low'  oxygen  consumption. 

SUMMARY 

The  viable  microbial  flora  is  principally  responsible  for  the  respiration  rate 
of  whole,  stimulated  saliva.  The  respiration  rate  of  the  microbial  flora  of  whole 
saliva  is  depressed  by  the  partial  removal  of  its  microbial  flora  or  is  inhibited  by 
substances  w’hich  render  the  bacteria  nonviable.  The  oxygen  consumption  of 
the  microbial  flora  of  whole,  stimulated  saliva  is  not  correlated  w  ith  susceptibility 
or  immunity  to  dental  caries.  In  a  majority  of  cases,  the  rate  of  oxygen  con¬ 
sumption  of  the  microbial  flora  of  saliva  does  differ  significantly  from  one 
individual  to  another.  The  addition  of  mono-  and  polysaccharides  to  stimu¬ 
lated  saliva  in  vitro  causes  an  increase  in  the  respiration  rate  of  the  microbial 
flora.  The  addition  of  glucose  to  saliva  causes  an  apparent  increase  in 
respiration  over  the  addition  of  starch,  but  a  statistical  evaluation  of  the 
percentage  increase  in  respiration  caused  by  the  two  carbohydrates  shows  no 
significant  difference  in  their  effect  on  this  rate. 

Concentrations  of  fluorides  up  to  200  p.p.m.  have  little  effect  on  the  rate 
of  oxygen  consumption  of  the  microbial  flora  of  saliva  to  which  no  carbohydrates 
have  been  added.  Fluoride  in  concentration  of  200  p.p.m.  did  have  a  moderately 
depressing  effect  on  the  oxygen  consumption  of  the  microbial  flora  of  saliva 
to  which  carbohydrate  in  a  final  concentration  of  2  per  cent  had  been  added. 
With  the  exception  of  calcium  fluoride,  all  fluorides  studied,  when  added  to 
stimulated  saliva  in  final  concentration  of  1.6  per  cent,  depres.sed  oxygen  con¬ 
sumption  by  amounts  ranging  from  44  per  cent  to  78  per  cent,  (’alcium  fluoride, 
in  a  concentration  of  1.6  per  cent,  caused  a  decrease  in  oxygen  consumption  of 
less  than  10  per  cent. 
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HISTOLOGIC  RESPONSE  TO  TOOTH  MOVEMENT  IN  THE 
LABORATORY  RAT 

PROCEDURE  AND  PRELIMINARY  OBSERVATIONS 
CHARLES  M.  WALDO  t  AND  JULIAN  M.  ROTHBLATT 
Harvard  School  of.  Dental  Medicine,  Boston,  Mass. 

SINCE  the  classic  work  of  Oppenheim,^  our  knowledge  of  the  histologic  re¬ 
sponse  of  the  periodontium  and  alveolar  bone  to  stress  has  advanced  con- 
siderably.'*’*  Oppenheim  demonstrated  that  the  reaction  of  the  supporting 
structures  to  stress  was  not  due  to  the  elasticity,  compressibility,  or  extensibility 
of  the  bone,  as  had  been  widely  held.  Instead,  he  showed  a  series  of  changes  in 
the  bone  characterized  by  areas  of  resorption  and  deposition,  mediated  by  tension 
and  osteoblastic  activity  on  the  one  hand  and  by  pressure  and  osteoclastic  activity 
on  the  other.  In  his  studies,  orthodontic  appliances  were  placed  on  baboon  teeth, 
and  the  reaction  of  the  tissues  was  ascertained  after  varying  lengths  of  time 
had  elapsed.  Thorough  as  these  and  other  investigations  have  been,  they  have 
involved  elaborate  technics  and  have  been  limited  to  relatively  few  and  large 
animals  (dogs,  monkeys,  and  human  beings)  which  pose  certain  problems  with 
regard  to  control  of  genetic  and  other  variables,  factors  which  are  practically 
impossible  to  rule  out  in  studies  on  human  material.  To  overcome  these  limita¬ 
tions,  a  simple  method  has  been  devised  using  the  laboratory  rat  as  the  experi¬ 
mental  animal.®  This  technic  affords  increased  possibilities  for  experimental 
control  and  the  use  of  relatively  large  numbers  of  animals. 

PROCEDURE 

By  means  of  the  instrument  shown  in  Figs.  1  to  5,  an  orthodontic  inter¬ 
maxillary  elastic  No.  5  is  stretched  taut  and  inserted  into  the  interproximal 
space  just  cervical  to  the  contact  area  between  the  molars  of  rats.  The  instru¬ 
ment  was  adapted  by  grinding  the  blade  end  of  an  S.S.  White  Tarno  No.  322 
steel  spatula  (Fig.  1).  The  end  over  which  the  rubber  band  is  stretched  con¬ 
sists  of  two  V-shaped  projections  forming  an  acute  angle  with  each  other,  and 
2.5  mm.  apart  (Fig.  2).  The  elastic  is  held  under  tension  by  a  small  pin  at¬ 
tached  to  the  shaft  of  the  instrument  approximately  6  cm.  from  the  end  (Fig. 
3).  The  elastic  is  stabilized  by  crossing  it  over  itself  around  another  pin  8  mm. 
from  the  holding  end  of  the  instrument  (Figs.  4  and  5). 

Male  albino  rats  of  the  Wistar  strain  weighing  between  ninety  and  one 
hundred  grams  have  been  used  for  this  procedure.  The  upper  right  quadrant 
of  the  rat’s  dentition  has  arbitrarily  been  chosen  as  the  experimental  side,  the 
maxillary  left  quadrant  as  the  control.  Using  general  ether  anesthesia,  the 

This  study  was  aided  in  part  by  a  grant  from  the  Division  of  Research  Grants  and 
Fellowships  of  the  National  Institutes  of  Health,  United  States  Public  Health  Service,  and  in 
part  by  the  Eugene  Higgins  Trust,  Harvard  University. 

Presented  at  the  General  Meeting  of  the  International  .Xasoidation  for  Dental  Research, 
Philadelphia,  Pa.,  March  20-22,  1953  (J.  D.  Res.  32:  678.  1953). 
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rubber  band  is  placed  between  the  first  and  second  maxillary  molars.  In  the 
rat,  these  teeth  are  more  accessible  and  have  a  broader  contact  area  than  the 
mandibular  molars.  That  portion  of  the  rubber  band  which  is  to  come  im¬ 
mediately  in  contact  with  the  teeth  is,  prior  to  placement,  reduced  to  0.8  mm. 
square  in  cross  section  and  checked  with  a  Boley  gauge.  Once  introduced 
into  position,  the  rubber  band  is  cut  by  a  small  scissor  introduced  into  a  notch 
in  the  instrument  (Fig.  3).  Allowed  to  return  to  its  original  diameter,  the 
segment  of  rubber  band  exerts  a  considerable  force  upon  the  teeth.  The 
.stress  imparted  to  the  teeth  is  diagrammatically  shown  in  Fig.  6.  Direction 
of  movement  is  indicated  by  arrows,  areas  of  pressure  by  small  circles,  and 
regions  of  tension  by  short,  straight  lines.  The  movement  is  predominately 
a  tipping  one,  a  finding  borne  out  by  histologic  observations.  The  location  of 
the  fulcrum  would  appear  to  be  somewhere  near  the  apical  third  of  the  molar 
roots. 


Figs.  1  to  5. — Instrument  employed  for  the  placement  of  rubber  bands  between  the  molar  teeth 

of  laboratory  rats. 


After  allowing  the  rubber  band  to  remain  in  place  for  the  desired  number 
of  days,  the  animal  is  sacrificed,  and  the  upper  jaw  removed  and  placed  in 
fixative  (10  per  cent  formalin)  for  histologic  preparation.  Rubber  segments 
remained  in  place  for  from  five  to  seven  days,  after  which  the  teeth  were 
separated  to  a  point  where  the  rubber  bands  tended  to  come  loose  and  fall  out. 
Accordingly,  most  of  the  animals  were  sacrificed  after  three  days,  but  sections 
were  also  prepared  from  jaws  stressed  for  as  short  a  time  as  twenty-four 
hours  and  as  long  as  one  week. 

To  produce  comparable  sections,  a  precise  orientation  technic  is  required, 
as  nearly  as  possible  endeavoring  to  obtain  a  longitudinal  section  through  all 
of  the  three  molars.  In  our  initial  studies  the  sections  have  been  stained  with 
either  the  azan  stain  or  hematoxylin  and  eosin. 
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TISSUE  CHANGES  ORSERVED 

A  study  of  normal  rats  was  first  undertaken  so  that  a  base  line  might  be 
established  for  proposed  future  work  on  the  effects  of  metabolic  variables 
(vitamin  deficiencies  and  specific  endocrinopathies).  Observation  of  the  condi¬ 
tion  of  the  bone  in  normal  rats  in  which  no  tooth  movement  was  undertaken 
revealed  a  randomness  of  bone  trabeculae,  a  moderate  eellularity  of  the 
periodontal  membrane,  and  relative  uniformity  in  the  thickness  of  the  perio¬ 
dontal  membrane.  In  normal  animals  subjected  to  the  placement  of  the  rubber 
band,  definite  separation  was  obtained  in  twenty-four  hours,  and  maximal 
separation  in  three  days.  This  is  shown  in  Fig.  7,  which  is  a  low-power 
magnification  of  a  decalcified  paraffin  section  illustrating  gross  movement  of  the 
teeth.  Destruction  of  the  interdental  papilla  is  noted  between  the  first  and 
second  molar  teeth.  Between  these  teeth  there  is  an  increase  in  normal  spacing, 
but  since  the  jaw  was  decalcified  prior  to  sectioning,  the  loss  of  enamel  must 
be  taken  into  account  if  one  is  to  measure  the  absolute  extent  of  the  movement 
of  individual  teeth. 


6 

Fig'.  6. — Drawing  showing  the  distribution  of  stress  acting  on  maxillary  rat  molars 
following  placement  of  a  rubber  band  between  the  first  and  second  molars.  Arrows  represent 
direction  of  root  movement ;  circles,  pressure  areas ;  lines,  tension  areas. 

As  early  as  twenty-four  hours  after  placement  of  the  elastic,  a  typical  but 
minimal  response  was  evident.  Sections  made  at  this  time  showed  a  definite 
reaction  to  stress,  namely,  changes  in  the  width  of  the  periodontal  membrane, 
cellular  infiltration  into  the  bony  plate  adjacent  to  the  periodontal  membrane, 
and  changes  in  the  vascularity  of  the  periodontal  membrane.  Pressure  areas 
showed  a  narrowing  of  the  periodontal  space  and  a  localized  vasoconstriction, 
whereas  in  areas  of  tension  the  opposite  was  true,  that  is,  a  widened  space 
with  slight  vasodilatation. 

After  three  days,  the  tissue  response  was  near  maximum,  but  still  uncom¬ 
plicated  by  initial  adjustment  to  new  tooth  positions.  The  most  intense 
effect  was  seen  in  the  upper  right  experimental  quadrant,  where  hemorrhage. 
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compression  of  the  periodontal  membrane,  and  undermining  resorption  often 
resulted  from  excessive  stress  on  the  first  and  second  molar  teeth.  The  in¬ 
tensity  of  the  response  was  diminished  around  the  maxillary  third  molar  tooth. 
Not  only  were  tissue  changes  detectable  in  the  upper  right  experimental 
quadrant,  but,  as  a  result  of  occlusal  adjustment,  the  lower  right  quadrant 
showed  newer  but  visible  histologic  evidence  of  reaction  to  the  applied  stress. 
This  suggested  that  there  was,  as  a  result  of  a  slight  tipping  of  the  upper 
molar  teeth,  adaptations  in  the  opposing  quadrant  so  that  normal  masticatory 
function  was  re-established  and  full  occlusal  contact  between  the  teeth  re¬ 
stored.  This  reaction  lagged  behind  the  changes  in  the  experimental  quadrant 
by  several  days.  There  were  no  demonstrable  changes  in  the  upper  and  lower 
left  quadrants,  thus  providing  control  in  each  animal  studied. 

Fig.  8  shows,  after  three  days,  histologic  evidence  of  remodeling  with  bone 
resorption  in  regions  of  pres.sure.  This  photomicrograph  is  of  an  area  between 
the  first  and  second  molar  teeth  just  below  the  region  in  which  the  rubber  band 
was  located.  Narrowing  of  the  periodontal  membrane  may  be  seen  on  the 
pressure  side,  associated  with  some  undermining  resorption  and  large  numbers 
of  multinucleated  osteoclasts.  In  other  jaw  sections  of  rats,  sacrificed  after 
three  experimental  days,  variable  amounts  of  hemorrhage  were  seen  in  the 
periodontal  membranes  at  the  sites  of  pressure.  In  such  regions,  the 
periodontal  membrane  was  comi)letely  or  nearly  completely  compressed,  asso¬ 
ciated  with  areas  of  undermining  rear  resorption. 

Three  to  five  days  after  placement  of  the  elastic,  the  character  of  the 
movement  of  the  teeth  appeared  to  be  a  combination  of  tipping  and  bodily 
movement,  the  former  predominating  in  the  three-day  sections.  The  fulcrum 
for  this  tipping  appeared  to  be  close  to  the  apex  in  most  teeth,  but  occasionally 
nearer  to  the  alveolar  crest. 

The  response  in  five-day  animals  was  qualitatively  much  like  that  in  the 
three-day  sections,  although  usually  of  greater  magnitude.  If  the  rubber 
band  had  fallen  out,  the  response  would  be  somewhat  obscured.  Fig.  9  shows 
a  five  days’  section  from  the  area  between  the  .second  and  third  molar  teeth  to 
demonstrate  that  the  response  is  closely  akin  to  that  seen  directly  under  the 
rubber  band.  The  disparity  in  the  widths  of  the  periodontal  membrane  from 
pressure  to  tension  sides  is  quite  marked  here,  and  a  very  definite  area  of 
hemorrhage  can  be  seen.  On  the  left  side  of  the  illustration,  the  tension  area, 
small,  thin  streamers  of  new  bone  are  well  demarcated.  Small  Howship’s 
lacunae,  as.sociated  with  osteoclastic  activity,  can  be  seen  on  the  pressure  side 
as  scalloped-out  craters  of  bone. 

Fig.  10  shows  another  five-day  section  from  the  mesial  root  of  a  third 
molar  tooth.  Small  areas  of  microscopic  root  resorption  can  be  seen  along  the 
cementum  surface  of  the  root.  Such  resorptions  were  seen  occasionally  in  the 
teeth  of  animals  in  which  the  stress  from  the  rubber  band  was  allowed  to  act 
for  as  long  as  five  to  seven  days.  Accompanying  this  root  resorption  was  usually 
an  area  of  hemorrhage  and  crushing  of  the  periodontal  fibers,  suggesting  that 
such  resorption  of  cementum  may  result  from  excessive  stress  even  in  perfectly 
normal  animals. 
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Fig.  7. — Maxillary  rigrht  quadrant  of  a  rat’s  dentition  showing  gross  tooth  movement  and 
separation  of  the  first  and  second  molars.  Decalcified  longitudinal  paraHln  section ;  hematoxy¬ 
lin  and  eosin. 

Fig.  8. — Area  between  the  first  and  second  maxillary  molars  of  rat  three  days  after 
placement  of  rubber  band.  The  periodontal  membrane  is  compressed  and  fibrous  on  the  side 
of  pressure  and  rear  resorption  is  evident  in  the  lower  left  corner.  Decalcified  paraffin  section ; 
hematoxylin  and  eosin. 

Fig.  9. — Area  between  the  second  and  third  maxillary  molars  of  rat  five  days  after  place¬ 
ment  of  rubber  band  between  first  and  second  molars.  The  periodontal  membrane  is  damaged. 
Resorption,  deposition,  and  one  area  of  hemorrhage  are  present.  Decalcified  longitudinal  paraf¬ 
fin  section ;  azan. 

Fig.  10. — Area  around  the  mesial  root  of  a  maxillary  third  molar  of  rat  five  days  after 
placement  of  rubber  band  between  first  and  second  molars.  Root  and  bone  resorption  is  pres¬ 
ent  in  region  of  pressure.  Decalcified  longitudinal  paraffin  section :  azan. 

Fig.  11. — Area  between  the  first  and  second  mandibular  molars  of  rat  five  days  after 
placement  of  rubber  band  between  the  opposing  first  and  second  molars.  Resorption  and 
deposition  are  present  in  quadrant  occluding  with  the  experimental  maxillary  quadrant.  De¬ 
calcified  longitudinal  paraffin  section ;  azan. 
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Fig.  11  is  a  section  from  a  lower  right  quadrant  which  occluded  with  one 
of  the  experimental  quadrants,  and  shows  the  area  between  the  first  and  second 
mandibular  molar  teeth  after  five  days.  The  left  side  of  the  photomicrograph 
shows  an  area  of  tension,  the  right  side  an  area  of  pressure.  Definite  evidence 
of  bone  deposition  can  be  seen  on  the  left,  with  very  slight  narrowing  of  the 
periodontal  membrane  and  resorption  on  the  right.  The  alveolar  crest  fibers 
and  interdental  papilla  are  intact,  but  tooth  movement  has  occurred,  most  likely 
as  an  adjustment  to  the  change  in  occlusion  resulting  from  movement  of  the 
maxillary  teeth. 

The  procedure  described  in  this  paper  is  being  adapted  to  study  the  effects 
of  a  variety  of  metabolic  variables  which  might  be  introduced  prior  to  the 
mechanical  stress  exerted  by  the  rubber  band.^°  It  is  hoped  that  this  method 
will  provide  an  opportunity  to  shed  light  on  the  physiology  of  the  supporting 
tissues  of  the  teeth  with  special  reference  to  the  alveolar  bone  and  the  mecha¬ 
nisms  involved  in  osteoclastic  resorption. 

SUMMARY  AND  CONCLUSIONS 

A  method  has  been  devised  for  the  study  of  tissue  reaction  to  mechanical 
stress  on  the  molar  teeth  of  laboratory  rats.  A  specially  designed  instrument 
was  used  to  permit  placement  of  a  small  rubber  band  between  the  first  and 
second  maxillary  molar  teeth  of  the  animals.  After  three  days,  the  animals 
were  sacrificed,  the  upper  jaws  placed  in  fixative,  and  paraffin  sections  pre¬ 
pared  and  stained  with  either  hematoxylin  and  eosin  or  azan  stains. 

Mechanical  interference  brought  about  by  this  “orthodontic”  appliance 
appears  to  be  reproducible  with  a  considerable  degree  of  standardization.  The 
technic  is  simple,  and  the  fundamental  reactions  of  the  tissues  appear  to  be 
essentially  comparable  to  those  seen  in  monkeys  or  dogs  using  more  complex 
appliances.  By  the  use  of  highly  inbred  strains  of  rats,  genetic  variability 
is  reduced  to  a  minimum  and  relatively  large  numbers  of  animals  may  be 
used  because  of  the  ready  availability  of  the  material^  and  methods  employed. 

REFERENCES 

1.  Oppenheim,  A.:  Tissue  Changes,  Particularly  of  the  Bone,  Incident  to  Tooth  Move¬ 

ment,  Am.  Orthodont.  3:  .57-67;  113-132,  1911-1912. 

2.  Johnson,  A.  L.,  Appleton,  J.  L.,  .Ir.,  and  Rittershafer,  L.  S. :  Tissue  Changes  Involved 

in  Tooth  Movement,  Intcrnat.  J.  Orthodontia  12:  889-898,  1926. 

3.  Oppenheim,  A.:  Bone  Changes  During  Tooth  Moven>ent,  Intcrnat.  J.  Orthodontia  16: 

5.3.5-551,  1930. 

4.  Marshall,  J.  A. :  A  Study  of  Bone  and  Tooth  Changes  Incident  to  Experimental  Tooth 

Movement  and  Its  Application  to  Orthodontic  Practice,  Internal.  J.  Orthodontia  19: 
1-21,  1933. 

5.  Breitner,  C.:  Bone  Changes  Resulting  From  Experimental  Orthodontic  Treatment, 

Am.  J.  Orthodontics  26:  521-547,  1940. 

6.  Breitner,  C.:  Further  Investigations  of  Bone  Changes  Resulting  From  Experimental 

Orthodontic  Treatment,  .4m.  J.  Orthodontics  27:  605-632,  1941. 

7.  Gottlieb,  B.:  Some  Orthodontic  Problems  in  Histologic  Illumination,  .4m.  J.  Ortho¬ 

dontics  32:  11.3-133,  1946. 

8.  Moyers,  R.  E.,  and  Bauer,  J.  L. :  The  Periodontal  Response  to  Various  Tooth  Movements, 

Am.  J.  Orthodontics  36:  572-580,  1950. 

9.  Waldo,  C.  M.:  Method  for  the  Study  of  Tissue  Response  to  Tooth  Movement,  pre¬ 

sented  at  the  Annual  Meeting  of  the  I.  A.  D.  R.,  Philadelphia,  March,  195.3, 
J.  D.  Bes.  32:  690,  1953. 

10.  Rothblatt,  .1.  M.,  and  Waldo,  C.  M.:  Tissue  Response  to  Tooth  Movement  in  Normal 
and  Abnormal  Metabolic  States  (Preliminary  Report),  presented  at  the  Annual 
Meeting  of  the  I.  A.  D.  R.,  Philadelphia,  March,  1953. 


STUDIES  OF  THE  COMPOSITION  OF  TEETH 

I.  Chemical  Analysis  for  the  Principal  Inorganic  Constituents  of  the 
Enamel  and  Dentin  From  Syrian  Hamsters 
RALPH  R.  LOBENE,  B.S.,  D.D.S.,  AND  GEORGE  W.  BURNETT,  D.D.S.,  Ph.U. 

Department  of  Dental  Research,  Dental  Division,  Army  Medical  Service  Graduate  School, 

Washington,  D.  C. 

INTRODUCTION 

IT  WAS  evident  that  the  golden  Syrian  hamster  (Cricetus  auratus)  was  a 
suitable  experimental  animal  after  Adler^  had  utilized  it  for  the  study  of 
kala  azar.  The  Syrian  hamster  wms  first  sent  to  the  United  States  from  Great 
Britain  shortly  before  World  War  II  for  use  as  an  experimental  animal. 
Most,  if  not  all,  laboratory  strains  in  current  use  in  the  United  States  are  de¬ 
scendants  of  Adler’s  original  group  of  three  littermates  (one  male  and  two 
females),  the  survivors  of  eight  animals  captured  by  Aroni,  in  Syria,  in  1930.^ 
In  1942,  Arnold*  found  that  the  Syrian  hamster  was  suitable  for  the  study 
of  experimental  dental  caries,  and  he  predicted  its  usefulness  in  such  research. 
Consequently,  many  studies  have  been  made  of  dental  caries  in  the  Syrian 
hamster.  Among  these  studies  are  included  the  relationship  of  the  morphol¬ 
ogy  of  the  dentition  and  pouches  to  caries,*’®  methods  of  scoring  caries,^’  ®  the 
oral  microbial  flora  and  their  action,*’**  the  character  of  the  carious  lesions,**’** 
the  effect  of  various  dietary  components  on  the  incidence  of  dental  caries,*®’** 
the  effect  of  inhibitors  on  the  incidence  of  dental  caries,*®  *®’  **’*^  caries  inci¬ 
dence  in  different  sexes,*®’  *®’**  and  many  others. 

The  real  value  of  the  results  obtained  by  studies  of  experimental  caries 
with  Syrian  hamsters  depends,  of  course,  on  whether  the  knowledge  obtained 
can  contribute  to  a  better  understanding  of  dental  caries  in  human  beings. 
The  degree  of  application  of  the  results  of  hamster  caries  studies  to  human 
beings  also  depends,  in  iiart,  on  obtaining  as  thorough  knowledge  of  the 
hamster  as  ])ossible.  In  spite  of  the  exten.sive  use  of  the  hamster  for  studying 
experimental  dental  caries,  much  remains  to  be  learned  about  its  genetics,  its 
metabolism,  its  oral  microbial  flora,  its  ]>arasites,  the  comiiosition  of  its  .saliva, 
the  composition  of  its  teeth,  and  so  forth,  which  are  essential  to  the  validity  of 
the  results  of  many  experimental  caries  investigations  which  have  utilized 
this  animal.  It  hardly  seems  jiossible  that  studies  of  the  chemical  composition 
of  teeth  of  hamsters  have  been  neglected  in  the  iiast,  but  a  thorough  search  of 
the  literature  has  revealed  no  publication  on  this  subject.  In  view  of  the 
possible  importance  of  .such  information  to  the  continued  use  of  the  Syrian 
hamster  in  experimental  dental  caries  studies,  this  report  is  concerned  prin¬ 
cipally  with  the  normal  chemical  comjio.sition  of  the  inorganic  components  of 
the  teeth  of  these  animals  as  revealed  by  chemical  analysis. 
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EXPERIAIEXTAL  PROCEDURE 

The  Syrian  hamsters  utilized  in  this  investigation  were  from  a  single 
strain  of  animals  maintained  continuously  as  such  for  more  than  seven  years. 
The  animals  chosen  for  study  were  all  adults  of  approximately  the  same  age 
and  weight,  but  they  were  not  littermates.  They  were  raised  on  a  diet  of 
Purina  laboratory  chow,  supplemented  twice  weekly  with  greens  and  a  small 
amount  of  horse  meat. 

hhiamel  and  dentin  from  the  teeth  of  two  groui)s  of  animals,  divided 
according  to  their  sex,  were  separated  for  analysis.  The  first  groui)  of  thirty 
animals,  free  from  dental  caries,  was  sacrificed  after  an  overdose  of  ether. 
The  maxilla  and  mandible  were  removed  and  preserved  in  chloroform  water 
at  -10°  C.  until  ready  for  jirocessing.  As  soon  as  jKissible,  the  teeth  were 
dissected  free  of  bone  and  tis.sue,  and  divided  into  molar  and  incisor  teeth 
from  males  and  females,  as  shown  in  Table  1.  Later,  for  a  second  analy.sis, 
the  teeth  from  an  additional  116  animals  were  also  divided  into  the  groups 
shown  in  Table  I. 


Table  I 

Groups  of  Hamster  Teeth  Used  for  Chemical  Analysis 


CROUP 

SOURCE  OF 

TEETH 

MEAN 

WEIGHT 

(CM.) 

RANGE  OF 

WEIGHT 

(GM.) 

ANIMALS 

PER 

GROUP 

MOLAR 

TEETH  PER 

GROUP 

INCISOR 

TEETH  PER 

GROUP 

I 

Males 

92 

86-115 

15 

180 

60 

Females 

103 

97-112 

15 

180 

II 

Males 

85 

76-110 

53 

636 

212 

Females 

93 

85-125 

63 

756 

252 

When  ready  for  jirocessing,  each  grouj)  of  pooled  teeth  was  extracted 
separately  with  95  per  cent  ethyl  alcohol  in  a  Soxhlet  extraction  apparatus 
for  twelve  hours,  followed  by  a  similar  extraction  with  ethyl  ether.  Such 
extractions  were  made  to  remove  any  fat-soluble  material  and  to  prevent  tooth 
particles  from  adhering  to  vessels  and  instruments  during  the  subsequent 
jirocess  of  separation  into  enamel  and  dentin. The  alcohol  and  ether  extracts 
from  each  group  of  teeth  were  preserved  for  the  determination  of  what  had 
been  removed  during  extraction. 

After  extraction,  each  group  of  whole  teeth  was  dehydrated  to  a  constant 
weight  in  air  at  100°  C.,  and  then  ground  in  a  Wiley  laboratory  mill  until  all 
particles  passed  through  a  60  mesh  nylon  screen.  This  material  was  then 
ground  in  a  Mullite  mortar  until  all  particles  passed  through  a  200  mesh  nylon 
screen.  Each  portion  of  whole,  powdered  tooth  was  dried  to  constant  weight 
at  100°  C.,  and  separated  into  enamel  and  dentin  according  to  Gilda’s  modifica¬ 
tion  of  the  Manly-Hodge  floatation  technic. The  separated  enamel  and 
dentin  were  washed  with  acetone  to  remove  all  traces  of  bromoform,  after 
which  they  were  again  dried  to  a  constant  weight  at  100°  C.  The  purity  of 
each  batch  of  powdered  tissue  was  found  to  be  98  per  cent  or  more  when 
determined  by  the  method  of  Manly  and  Hodge.®’  No  additional  separations 
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were  made  to  purify  the  tissues  further  because  of  the  necessity  of  conserving 
the  small  amount  of  material  available  from  each  group  of  pooled  teeth. 

The  combustible  portion  of  separated  enamel  and  dentin,  chiefly  organic 
in  nature,  was  determined  by  heating  a  sample  of  dehydrated  tissue  in  a 
niiifHe  furnace  at  900°  C.  for  sufficient  time  for  the  sample  to  come  to  a  con¬ 
stant  weight.  The  combustible  portion  of  dentin  and  enamel  contained  the 
organic  portion  of  the  tissues,  together  with  other  heat-labile  substances.  The 
organic  content  as  well  as  the  exact  composition  of  the  combustible  portion 
of  the  enamel  and  dentin  of  the  hamster  is  being  investigated  at  the  present 
time.  Heating  of  the  tissue  for  thirty  minutes  was  usually  sufficient  to  bring 
it  to  a  constant  weight.  The  remaining  ashed  material  was  then  analyzed  for 
its  inorganic  content  by  chemical  means.  Weighted  portions  of  the  ashed 
enamel  or  dentin  were  dissolved  in  concentrated  hydrochloric  acid,  and  then 
diluted  to  a  .suitable  volume  for  chemical  analysis.  Alicjiiots  of  these  solutions 
were  analyzed  chemically  for  calcium,  phosphorus,  and  magnesium.  Calcium 
and  magnesium  were  determined,  respectively,  by  the  methods  of  Roe  and 
Kahn,®^  and  Briggs,^*  after  modifying  each  method  by  replacing  a  visual 
colorimeter  with  a  Coleman  junior  spectrophotometer,  and  substituting  0.25 
per  cent  aminonaphtolsulfonic  acid  as  the  reducing  agent  in  the  place  of  2 
per  cent  hydroquinone.  Phosphorus  was  determined  by  the  method  of  Sobel, 
Rockenmacher,  and  Kramer,^**  modified  by  replacing  the  Klett-Summerson 
colorimeter  with  a  Coleman  junior  spectrophotometer.  The  basic  principle 
involved  in  the  colorimetric  determination  of  calcium,  phosphorus,  and  mag¬ 
nesium  by  the  methods  utilized  in  this  study  is  the  mea.surement  of  the  amount 
of  blue  color  formed  by  the  elements  when  combined  with  a  phosi)homolybdate 
complex.  The  amount  of  the  color  formed  in  each  case  was  measured  with 
the  Coleman  junior  spectrophotometer  at  a  wave  length  of  680  m/i.  This  wave 
length  was  at  the  point  of  maximum  absorbency  of  the  light  transmitted  to 
the  test  solution. 

RESULTS 

The  results  of  the  chemical  analysis  of  incisor  and  molar  enamel  from  the 
tw  o  groups  of  Syrian  hamsters  are  summarized  in  Table  II.  The  composition 
of  the  tissues  is  recorded  as  a  percentage  of  the  weight  of  either  dehydrated 
or  ashed  tissue.  The  combustible  portion  is  recorded  as  the  percentage  of 
material  lost  when  dehydrated  tissue  w’as  ashed  at  900°  C.  It  can  be  seen 
that  incisor  enamel  from  females  contained  more  combustible  material  than 
was  present  in  similar  tissues  from  males,  even  though  some  difference  was 
found  in  the  amount  present  in  such  tissue  from  different  groups  of  animals. 
Molar  enamel  contained  less  combustible  material  than  did  incisor  enamel 
from  the  same  source,  and  less  combustible  material  was  present  in  molar 
enamel  from  Group  II  animals  than  was  found  in  similar  tissue  from  Group 
I  animals. 

While  the  combustible  portion  of  incisor  and  molar  enamel  from  females 
was  higher  than  that  from  males,  the  converse  was  true  with  regard  to  the 
total  as  well  as  the  principal  inorganic  constituents  of  such  tissue.  The  total 
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IStatistical  analycis  of  the  values  obtained  for  the  amount  of  mag'nesium  in  the  ashed  tissue  showed  that  the  critical  ratios  between 
tissues  were  less  than  2  In  the  case  of  tissues  3  versus  4,  tissues  3  versus  7,  tissues  4  versus  7,  and  tissues  5  versus  7.  The  critical  ratios 
between  the  values  obtained  for  all  other  tissues  were  greater  than  2. 
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inorganic  material  in  enamel  was  recorded  as  the  substance  remaining  after 
ignition  of  the  tissue,  and  also  must  have  contained  the  inorganic  portions  of 
the  organic  matrix  of  these  tissues. 

The  amounts  of  the  principal  inorganic  constituents  of  incisor  and  molar 
enamel  are  shown  in  Table  II  according  to  two  different  methods  of  calcula¬ 
tion.  According  to  the  first  method,  calcium,  phosphorus,  and  magnesium 
were  calculated  on  the  basis  of  the  amount  of  these  elements  in  the  sample  of 
enamel  after  it  was  ashed.  The  second  method  of  calculation  was  based  on 
the  original  weight  of  whole,  dehydrated  tissue  before  ashing  (enamel  con¬ 
taining  both  its  inorganic  and  organic  components  but  dried  to  a  constant 
weight  at  100°  C.).  By  either  method  of  calculation,  more  calcium  was 
present  consistently  in  incisor  and  molar  enamel  from  males  than  was  present 
in  similar  tissue  from  females  of  the  same  or  different  groups  of  animals. 
The  critical  ratios  between  the  amounts  of  calcium  in  the  enamel  from 
different  sources  indicated  that  these  differ^ices  could  not  have  occurred 
by  chance  alone,  except  when  comparing  molar  enamel  from  Group  I  males 
with  similar  tissue  from  Group  II  animals,  and  when  comparing  molar  enamel 
from  Group  I  females  with  similar  tissue  from  Group  II  animals.  Phosphorus, 
on  the  other  hand,  showed  no  consistent  difference  between  the  tissues  ob¬ 
tained  from  either  males  or  females  of  Group  I  or  II  animals,  for  statistical 
analysis  of  the  data  for  phosphorus  show’ed  that  in  fifteen  of  twenty-eight 
possible  comparisons,  the  differences  noted  could  have  occurred  by  chance 
alone.  The  magnesium  content  of  incisor  and  molar  enamel  showed  no  con¬ 
stant  relationship  with  regard  to  the  sex  or  group  of  animals  from  which  the 
tissues  were  obtained,  and  its  content  in  the  various  tissues  did  differ  con¬ 
siderably. 

The  Ca  :P  ratio  for  enamel  from  different  sources  is  also  recorded  in 
Table  II.  Incisor  and  molar  enamel  from  males  of  both  groups  of  animals 
had  a  higher  Ca  :P  ratio  than  similar  tissues  from  females.  The  tissues  from 
Group  II  animals  generally  had  a  higher  Ca  :P  ratio  than  similar  tissues  from 
Group  I  animals. 

The  results  of  the  chemical  analysis  of  dentin  from  incisors  and  molars 
from  males  and  females  of  Groups  I  and  II  are  shown  in  Table  III.  As  with 
enamel,  the  combustible  portion  of  dentin  was  recorded  as  the  material  lost 
when  dehydrated  tissue  was  ashed  at  900°  C.  Much  less  variation  was  found 
in  the  combustible  and  inorganic  components  of  dentin  from  different  sexes 
of  both  groups  of  animals  than  w'as  found  in  enamel  from  the  same  sources. 
There  was  no  consistent  variation  in  the  combustible  portion  of  incisor  or 
molar  dentin  from  either  group  of  hamsters,  but  each  tissue  from  Group  I 
animals  contained  slightly  more  combustible  material  when  compared  to 
.similar  tissue  from  Group  II  animals.  The  inorganic  portion  of  dentin  was 
considered  to  be  that  which  remained  after  ashing  the  dehydrated  tissue.  No 
consistent  variation  was  found  in  the  total  inorganic  content  of  dentin  from 
different  sources,  nor  did  the  principal  inorganic  elements  of  the  tissue  show 
definite  or  consistent  variation  with  regard  to  the  source  of  the  tissue.  In 
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{Statistical  analysis  of  the  values  obtained  for  the  amount  of  magnesium  in  ashed  tissues  showed  that  the  critical  ratios  between  tis¬ 
sues  were  less  than  2  in  the  case  of  tissues  1  versus  3,  tissues  1  versus  6,  tissues  2  versus  4,  tissues  3  versus  6,  and  tissues  6  versus  7. 
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contrast  to  the  erratic  distribution  of  magnesium  in  incisor  and  molar  enamel, 
this  element  was  more  uniformly  distributed  in  dentin  from  all  sources. 

The  Ca:P  ratios  for  dentin  are  also  recorded  in  Table  III.  The  ratios 
obtained  for  dentin  are  generally  lower  than  those  obtained  for  enamel.  Also, 
the  ratios  obtained  for  dentin  from  various  sources  are  more  uniform  than 
the  ratios  for  enamel  from  the  same  source. 

DISCUSSION 

It  is  difficult  to  draw  valid  conclusions  with  regard  to  the  dental  carious 
process  in  the  Syrian  hamster  until  it  is  known  how  closely  the  composition  of 
its  teeth  resembles  that  of  human  beings  or  other  species  of  caries  experimental 
animals.  Further  exacting  and  thorough  analysis  of  enamel  and  dentin  of  the 
teeth  of  Syrian  hamsters  is  essential  to  a  better  undei’standing  of  the  composi¬ 
tion  of  enamel  and  dentin  in  general,  and  to  studies  of  the  factoi-s  which  may 
influence  the  composition  of  these  tissues  during  or  after  their  develo[)nient. 

In  order  to  obtain  valid  information,  three  essential  criteria  were  met  as 
closely  as  possible  in  determining  the  amount  of  the  principal  inorganic  com¬ 
ponents  in  enamel  and  dentin  of  Syrian  hamstei-s.  First,  the  teeth  to  be 
analyzed  were  obtained  from  animals  whose  history  and  past  experience  were 
as  similar  as  possible.  Second,  the  tissues  to  be  analyzetl  were  obtained  in  as 
pure  a  state  as  possible,  but  the  method  of  separation  made  it  possible  to  obtain 
representative  samples  of  the  tissue  in  a  relatively  unaltered  condition.  Third, 
adequate  and  proved  methods  of  analysis  were  then  applied  to  obtain  valid  in¬ 
formation  concerning  the  composition  of  the  tooth  tissues. 

By  applying  such  basic  principles,  some  information  has  been  obtained  con¬ 
cerning  the  principal  inorganic  components  of  dentin  and  enamel  from  Syrian 
hamsters.  In  the  following  discussion,  however,  it  must  be  pointed  out  that  it 
is  difficult,  if  not  impossible,  to  compare  these  data  with  other  data  previously 
obtained  by  other  investigators  for  the  composition  of  the  calcified  tissues  of  the 
teeth  of  other  experimental  animals  and  human  beings.  In  such  analyses  as 
were  made  of  the  teeth  of  experimental  animals,  procedures  were  usually 
followed  which  make  the  validity  of  any  comparisons  very  doubtful.  In  regard 
to  dentin  and  enamel  from  human  teeth,  the  situation  is  better,  for  a  few 
analy.ses  have  been  made  of  se])arated  tooth  tissues.  In  most  instances,  however, 
dentin  and  enamel,  whether  from  experimental  animal  or  human  being,  were  not 
separated  for  analysis  or,  if  separated,  no  consideration  was  given  to  the  sex 
of  the  animal  or  individual  from  which  the  teeth  were  taken. 

The  combustible  portion  of  enamel  from  both  incisor  and  molar  teeth 
varied  rather  consistently  according  to  the  sex  of  the  animal  from  which  the 
tissue  was  obtained.  Less  variation  was  found  in  the  combustible  portion  of 
dentin,  whatever  its  source.  The  combustible  portion  of  the  tissue  was  com- 
jiosed  principally  of  organic  material,  but  unpublished  findings  in  this 
laboratory  in  regard  to  this  portion  of  human  enamel  and  dentin  indicate 
that  carbon  dioxide  and  water,  presumably  not  a  part  of  the  organic  portion 
of  dentin  and  enamel,  are  released  when  such  tissues  are  heated  to  a  constant 
weight  at  900°  C.  At  any  rate,  the  amount  of  combustible  material  in  enamel 
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varied  according  to  whether  it  was  obtained  from  males  or  females.  Such 
findings  bring  to  mind  several  important  questions  which  cannot  be  answered 
by  the  results  of  this  investigation.  First,  what  is  responsible  for  the  con¬ 
sistent  difference  in  the  combustible  portion  of  enamel  from  male  and  female 
hamsters?  Second,  why  are  such  differences  not  found  in  dentin?  Third,  is 
there  any  relationship  between  the  combustible  content  of  the  enamel  of  male 
and  female  hamsters  and  the  difference  in  susceptibility  of  the  different  sexes 
to  dental  caries 

The  total  inorganic  content  of  hamster  dentin  and  enamel  obviously 
varied  in  direct  proportion  to  the  amount  of  combustible  material  which  they 
contained.  Therefore,  the  relatively  large  amount  of  combustible  material  in 
hamster  enamel  is  reflected  in  a  relatively  low  total  inorganic  content, 
especially  when  this  tissue  is  compared  with  human  enamel.  This  apparent 
deficiency  in  total  inorganic  content  could  be  caused  by  the  loss  of  some 
component  during  combustion  at  900°  C.  which  is  not  lost  by  the  removal  of 
the  organic  matrix  of  the  tis.sues  by  other  methods. 

The  Ca  :P  ratios  of  the  various  tissues  were  relatively  low  in  comparison 
to  tho.se  which  have  been  rejmrted  for  human  dentin  and  enamel.  A  large 
number  of  formulas  have  been  proposed  for  the  mineral  phase  of  calcified 
ti.ssues.  The.se  formulas  were  designed  on  the  basis  of  known  compounds 
(mainly  apatites),  Fa  :P  ratio,  crystal  structure,  and  so  forth.  A  survey  of 
.seventeen  of  these  i)roposed  formulas  shows  that  with  few  exceptions  their 
Ca:P  ratio  is  above  2,  and  in  some  instances  as  high  as  3  or  more  (range  from 
1.94  to  3.24). The  Ca  :P  ratio  of  most  of  these  formulas  corresponds 
approximately  to  the  Ca  :P  ratio  of  human  enamel  and  dentin,  but  no  formula 
has  been  proposed  based  on  the  Ca  :P  ratio  of  hamster  enamel  and  dentin.  It 
is  po.s.sible  that  a  new  formula  should  be  devised  for  the  mineral  phase  of 
hamster  dentin  and  enamel,  but  this  .should  be  deferred  until  more  data  are 
obtained  concerning  the  exact  content  of  trace  elements  in  such  tis.sues.  Such 
studies  are  currently  under  way. 


SUM  MARY 

The  combustible  and  i)rincipal  inorganic  components  of  .separated  enamel 
and  dentin  from  incisor  and  molar  teeth  of  adult  male  and  female  Syrian 
hamsters  have  been  determined.  The  components  of  hamster  enamel  which 
were  lost  by  combu.stion  at  900°  C.  varied  consistently  with  the  source  of  the 
tissue,  with  more  in  such  tissue  from  females  than  in  that  from  males,  and 
more  in  incisor  enamel  than  in  molar  enamel.  The  eombustible  portion  of 
hamster  dentin  did  not  vary  greatly,  whatever  the  source.  The  total  in¬ 
organic  residue  of  hamster  dentin  and  enamel  which  remained  after  com- 
hmstion  was  generally  less  than  the  reported  inorganic  content  of  similar 
human  tissues  determined  by  other  means.  The  calcium  content  of  the  in¬ 
organic  residue  of  hamster  enamel  varied  consistently  with  the  .source,  while 
the  phosphorus  did  not.  The  magnesium  content  of  enamel  varied  coti.sider- 
ably  but  not  consistently  with  the  source  of  the  tis.sue.  The  calcium,  phos- 
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phorus,  and  magnesium  content  of  hamster  dentin  did  not  vary  greatly,  what¬ 
ever  the  source.  The  Ca  :P  ratio  of  hamster  enamel  ranged  from  1.45  to  1.87, 
with  a  higher  ratio  for  this  tissue  from  males  than  from  females.  The  Ca  :P 
ratio  of  hamster  dentin  ranged  from  1.37  to  1.49,  with  no  consistent  difference 
in  the  tissue  from  males  or  females. 
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CALCIFICATION 

XI.  STUDIES  OF  THE  INCORPORATION  OF  CITRATE  IN  CALCIFICATION 

IN  VITRO 

ALBERT  EDWARD  SOBEL,  HARRY  GOLDENBERG,*  AND 
EMANUEL  SCHMERZLER 

From  the  Department  of  Biochemistry,  Jewish  Hospital  of  Brooklyn,  Brooklyn,  N.  ¥. 

The  discovery  of  the  presence  of  citrate  in  bones'  and  teeth*  has  aroused 
much  speculation  as  to  its  origin  and  possible  role  in  the  metabolism  of  hard 
tissues.*'®  These  findings  are  likely  to  be  of  special  interest  to  the  dental  investi¬ 
gator  since  calcium  citrate  is  an  un-ionized  soluble  salt®*®  and  appears  to  be 
preferentially  dissolved  from  bone.®  One  might  postulate  that  citrate  in  teeth 
may  be  preferentially  dissolved,  and  this  may  be  a  factor  in  caries  susceptibility. 

Similar  speculations  derived  from  the  preferential  solubility  of  carbonate 
in  bone'®'**  held  true  later  when  teeth  were  examined.'*  High-carbonate  teeth, 
at  least  in  the  cotton  rat,  are  more  caries  susceptible  than  low-carbonate 
teeth. 

Studies  of  the  composition  of  new  mineral  deposits  in  vitro  showed  a  rela¬ 
tionship  similar  to  that  found  in  earlier  studies  in  vivo  between  the  composition 
of  blood  serum  and  that  of  growing  bones  and  teeth.  The  CO3  :P04  ratio  of  the 
minerals  deposited  in  vivo*®’  **  and  in  vitro**  were  related  to  the  CO3  :P04  ratios 
of  the  calcifying  fluid  in  the  in  vitro  calcification,  and  to  blood  serum  in  the 
in  vivo  calcification. 

In  vitro  calcification  studies  in  the  presence  of  citrate  were  undertaken  to 
offer  some  guide  for  future  in  vivo  investigations.  The  following  (piestions  were 
examined  in  the  present  investigation,  where,  with  the  exception  of  citrate,  only 
inorganic  solutions  were  employed  for  calcification  in  vitro : 

(1)  Is  citrate  a  constituent  of  in  vitro  calcification  when  no  citrate  is  present 
in  the  inorganic  mineralizing  fluid?  This  was  a  real  possibility  in  view  of  the 
citrogenase^  and  citric  and  succinic  dehydrogenase  activities,*®  as  well  as  evi¬ 
dence  for  the  presence  of  oxidative  enzyme  systems*®  reported  in  bone  cartilage. 
Moreover,  the  presence  of  glycogen**  and  ATP**  offers  the  possibility  that 
through  appropriate  transformations,  a  continuous  supply  of  substrate  for  citric 
acid  synthesis  may  be  manufactured  in  situ.  (2)  When  citrate  is  present  in 
the  mineralizing  fluid,  is  it  incorporated  in  the  mineral  deposits?  (3)  If  citrate 
is  found  in  the  new  mineral,  is  its  concentration  related  to  the  citrate  :P04  ratio 
of  the  .surrounding  fluid? 

These  studies  were  aided  by  grants  from  (1)  National  Institute  of  Dental  Research. 
National  Institutes  of  Health.  United  States  Public  Health  Service,  and  (2)  Damon  Runyon 
Memorial  Fund  for  Cancer  Research. 

Received  for  publication  July  6.  1953. 
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EXPERIMENTAL  AND  RESULTS 

Six  rachitic  rats^*  were  used  for  every  quantitative  experiment  involving 
citrate  uptake.  Four  slices  of  tibia  were  prepared  from  each  animal  and  sus¬ 
pended  in  separate  25  ml.  flasks  to  provide  four  sets  of  six  tissues.  The  order 
in  which  the  four  slices  were  distributed  among  the  flasks  was  varied  from 
animal  to  animal.  Two  to  three  sets  were  incubated  in  a  calcifying  solution 
containing  citrate,  one  set  (the  blank)  was  incubated  in  a  calcifying  solution 
containing  citrate  but  devoid  of  phosphate,  and  0  to  1  set  (the  control)  was 
incubated  in  calcifying  solution  devoid  of  citrate.  When  the  concentration  of 
citrate  in  solution  was  only  0.1  to  0.15  mM,  it  was  necessary  to  use  nine  to 
tw'elve  slices  in  order  to  obtain  sufficient  deposit  for  an  acceptable  analysis. 

NaCl  (70  mM),  NaHCOs  (22  mM),  and  KCl  (5  mM)  were  present  in  all 
solutions.  The  calcifying  solutions  contained,  in  addition,  2.5  mM  (10  mg.  per 
cent  of  Ca*^  as  CaCU,  1.61  mM  (5  mg.  per  cent)  of  P  as  inorganic  phosphate, 
and  freshly  prepared  trisodium  citrate  where  specified.  Mg^  ion  was  absent 
throughout  unless  otherwise  specified. 

The  sections  were  incubated  in  the  specified  solutions  at  pH  7.3  ±  0.05  at 
37°  C.  for  eighteen  hours.  The  solutions  were  then  replaced  with  distilled 
water  and  the  flasks  gently  shaken  for  one  hour  to  effect  removal  of  diffusible 
phosphate  and  citrate.  Following  this  treatment,  the  tibial  slices  were  blotted 
dry  between  sheets  of  filter  paper  (No.  50  Whatman),  and  the  provisional 
zones  of  cartilage  w’ere  carefully  sliced  free  from  the  epiphysis  and  diaphysis. 
To  insure  against  contamination  by  preformed  bone,  a  portion  of  the  lower 
metaphysis  was  cut  away.  The  periosteal  margins  of  the  cartilage  were  also 
removed.  Each  of  the  sets  of  cartilage  was  ground  in  a  glass  homogenizer 
with  3  ml.  of  10  per  cent  trichloroacetic  acid.  The  suspensions  were  centri¬ 
fuged  for  fifteen  minutes  at  2,000  r.p.m.  One  milliliter  portions  of  the  super¬ 
natant  solution  were  used  for  citrate  analysis,  and  0.1  ml.  portions  for 
phosphorus  analysis. 

Citric  acid  was  determined  by  the  method  of  Natelson,  Pineus,  and 
Lugovoy.^*  During  the  latter  part  of  this  study,  the  procedure  was  modified 
to  increase  the  speed  and  reliability  of  the  analysis.  By  substituting  15  ml. 
eonical  centrifuge  tubes  for  the  small  ground-glass  tubes  specified  in  the 
original  method,  the  possibility  of  fluid  loss  by  spattering  during  the  evapora¬ 
tion  step  was  eliminated,  and  the  period  required  for  evaporation  was  reduced 
from  three  hours  to  less  than  one  hour.  In  subsequent  steps  which  involved 
shaking  with  heptane  or  thiourea  solution,  the  centrifuge  tubes  were  plugged 
with  tightly  fitting  polyethylene  .stoppers.*  In  this  fashion,  cloudiness  in  the 
solutions  due  to  silicone  grease  from  the  ground-glass  stoppers  was  avoided. 

In  the  phosphorus  analysis,  2  ml.  of  water  was  added  to  the  0.1  ml.  acid 
extract,  followed  by  0.5  ml.  of  a  mixed  molybdic-sulfuric  acid  solution  con- 

•The  16  to  17  mm.  polyethylene  stoppers  from  3  dram  Kimble  optlclear  vials  are  suitable 
for  15  ml.  centrifuge  tubes  having  a  mouth  diameter  of  15  to  16  mm. 
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taining  Fe**  as  the  reducing  agent.*®*  The  intensity  of  the  blue  color  formed 
was  measured  after  twenty-five  to  thirty  minutes  in  a  Klett  colorimeter. 

Preformed  Citrate. — Eight  slices  of  tibia  were  removed  from  each  pair  of 
rats  and  transferred  onto  a  glass  plate  under  an  atmosphere  saturated  with 
water.  The  clear  cartilage  zones  were  excised  free  of  bone,  weighed  in  a  sealed 
vessel,  and  then  homogenized  with  trichloroacetic  acid.  Analysis  indicated  that 
citric  acid  is  present  to  the  extent  of  35  mg.  per  100  grams  of  cartilage  (six 
rats). 

Citrate  and  P  Levels  After  Incubation  in  Inorganic  Medium. — Sections  in¬ 
cubated  in  calcifying  solution  (Ca  x  P  =  10  x  5)  or  in  solution  devoid  of 
P  (Ca  X  P  =  10  X  0)  were  subsequently  compared  with  respect  to  their  citric 
acid  and  P  contents  (Table  I).  Only  traces  of  citric  acid  and  P  could  be  de¬ 
tected  in  sections  calcified  in  the  blank  solution  (Ca  x  P  =  10  x  0) ;  the  amount 
of  citric  acid  approximated  one-fifth  that  present  in  fresh  cartilage.  The  citric 
acid  levels  of  the  calcified  zones  were  also  minute  and  within  an  average  of 
0.7  fig  (per  six  sections)  of  the  blank  values.  This  difference  is  readily  ac¬ 
counted  for  either  by  the  inherent  analytic  error  or  by  the  error  due  to  the 
method  of  sampling. 


Table  I 

Citric  Acid  and  P  Content  or  Rat  Cartilage  Incubated  in  Media  Devoid  op  Citrate 


e.xperi- 

MENT 

period  of 

MAINTENANCE 
ON  RACHI’TO- 

OENIC  DIET 
(DAYS) 

PROVISIONAL  ZONE  ANALYSIS* 

SLICES  OP  TIBIA  SUSPENDED  IN  SOLUTIONS 

DIFFERENCE 

IN  CITRIC 
ACID  LEVELS* 

ca  X  P  =: 

=  10  X  5 

ca  X  p  = 

=  10  X  0 

CITRIC  1 

ACID 
(Mg) 

p 

(Mg) 

CITRIC  1 

ACID 
(Mg) 

(Mg) 

1 

15 

1.1 

96.4 

1.2 

2.1 

-0.1 

2 

15 

0.6 

97.5 

0.8 

4.3 

-0.2 

.3 

16 

3.5 

93.2 

1.5 

5.5 

+2.0 

4 

16 

1.1 

81.9 

1.9 

11.2 

-0.8 

5 

21 

0.5 

86.2 

0.2 

0.6 

+0.3 

Average  values 

91.0 

4.7 

0.7 

•Values  refer  to  sets  of  six  cartilage  zones. 


Table  II.  Influence  of  Citrate  on  Calcification  in  Vitro 


ADDED 

CI’TRATE 

(mM/L.) 

TOTAL 

ca 

(mM/L.) 

IONIZED 

ca* 

CA++  X  P 

DEGREE  OF 

INHIBITION 

(mM/L.)|  (MG.%)  1(MG.  %2)|  (5  HOURS) 

1  (18  HOURS) 

2 

2.5 

1.22 

4.9 

24.5 

Complete 

Complete 

1 

2.5 

1.82 

7.3 

36.5 

Complete 

Slight 

2.5 

2.15 

8.6 

43.0 

Partial 

0.3 

2.5 

None 

None 

2.5 

None 

None 

0 

2.5 

2.5 

None 

None 

•See 

reference 

13. 

•A  stock  molybdlc-sulfuric  acid  solution  is  prepared  bv  slowly  adding  55  to  56  ml.  of 
concentrated  H1SO4  with  cooling  to  about  200  ml.  distilled  water.  Fifteen  grams  of  ammonium 
molybdate,  (NH4)(MotOm'4H>0.  are  dissolved  in  the  acid,  and  the  solution  is  diluted  with  water 
to  .500  ml.  One  gram  of  Mohr’s  salt,  Fe(NH4)j(S04)2‘6Hj0.  is  dissolved  in  25  ml.  of  the 
molybdlc-sulfuric  acid  reagent  to  give  the  final  solution,  which  contains  4N  H1SO4,  3  per  cent 
molybdate,  and  4  per  cent  Mohr’s  salt.  It  has  a  light  pink  to  amber  color.  The  blank  solu¬ 
tion  is  colorless. 
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Influence  of  Citrate  in  Calcification  in  Vitro. — A  study  was  made  of  the 
effect  of  citrate  on  calcification  to  establish  a  desirable  set  of  conditions  for 
carrying  out  quantitative  measurements.  The  range  of  citrate  concentration 
was  from  0.2  to  2.0  mM  per  liter;  all  other  constituents  remained  constant  with 
Ca  at  10  mg.  per  cent  and  P  at  5  mg.  per  cent.  The  methods  of  incubation, 
staining,  and  grading  were  those  employed  before.’^®’  Partial  to  complete  in¬ 
hibition  w'as  encountered  at  the  0.5  to  2  mM  levels,  while  no  effect  was  evident 
in  0.1  to  0.3  mM  citrate  solution  (Table  II).  That  the  interference  is  due  to  a 
complexing  of  the  Ca^  in  solution  is  evident  by  calculation.  The  concentrations 
of  unbound  Ca*^  have  been  estimated  from  a  nomogram^®  and  are  listed  in 
Table  II  along  with  the  corresponding  Ca.^  x  P  products.  Complete  inhibition 
by  citrate  is  attained  in  the  neighborhood  of  1.5  mM  per  liter.  At  this  level, 
Ca^  X  P  is  about  30,  below  which  calcification  in  vitro  does  not  occur  under  our 
eondition.s.“‘’ 

Log  (Initial  Conc’n.  of  Clfrote  in  Solution,  mM /liter) 


Initial  Concentration  of  Citrate  in  Calcifying  Solution 
mM  /  liter 

Fig.  1. — Incorporation  of  citrate  in  new  mineral  deposited  in  rachitic  cartilaRe  In  vitro.  Ca  10 
mg.  per  cent,  P  5  mg.  per  cent,  pH  7.3,  37°  C.,  eighteen  hours’  incubation. 


Quantitative  measurements  of  citrate  and  P  uptake  were  made  at  con¬ 
centrations  of  0.1,  0.15,  0.2,  0.3,  and  0.5  mM  citrate.  Analysis  of  the  pro¬ 
visional  zones  of  calcification  revealed  quantities  of  citric  acid  in  great  excess 
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of  the  blank  values  and  generally  averaging  12  to  18  ng  per  set  of  six  (citrate 
in  solution  0.2  to  0.5  m^M).  The  ratio  of  citric  acid  to  P  in  the  new  mineral 
was  found  to  increase  with  increasing  concentration  of  citrate  in  the  calcifying 
medium.  Blank  values  for  citric  acid  and  P  in  the  sections  incubated  in  solu¬ 
tion  10  X  0  plus  citrate  were  found  to  be  less  than  10  per  cent  of  the  mineral 
values.  In  calculating  the  citric  acid:P  ratio,  an  average  was  taken  of  the 
ratios  using  mineral  values  both  corrected  and  uncorrected  for  the  blanks. 
Replicate  determinations  yielded'average  ratios  with  relative  mean  deviations 
of  2  to  5  per  cent.  The  data  have  been  assembled  in  the  form  of  a  curve  and 
a  linear  semilogarithmic  relationship  (Fig.  1).  It  may  be  seen  that  as  the 
citrate  concentration  is  raised  to  the  point  where  calcification  no  longer  000111*8, 
the  citric  acid-.P  ratio  approaches  a  molar  ratio  of  1:18-20  with  the  calcium 
concentrations  employed. 

DISCUSSION 

It  is  evident  from  these  studies  that  when  citrate  is  added  to  the  usual 
inorganic  solutions  employed  for  calcification  in  vitro,  the  new  mineral  deposit 
contains  considerable  amounts  of  citrate  (Table  II,  Fig.  1).  The  citrate  :P04 
ratio  of  the  solid  seems  to  be  related  to  the  citrate  iPO^  of  the  solution,  just  as 
was  the  case  in  studies  of  the  CO3  :P04  of  in  vitro  calcification.'*  Thus,  one  can 
conclude  that  citrate  present  in  newly  formed  bone  could  be  derived  from  pre¬ 
formed  citrate  transported  to  the  site  of  mineralization.  If  these  findings  were 
to  hold  in  vivo,  one  would  predict  that  the  citrate  :P04  ratio  of  blood  serum 
would  be  a  major  factor  in  determining  the  degree  of  citrate  incorporation  in 
new  mineral  deposits,  just  as  was  the  case  for  CO3  .PO,  ratios  in  vivo.'®*  '* 

However,  in  considering  the  in  vivo  phenomenon,  one  cannot  exclude  the 
l)os.sible  importance  of  bone  citrogenase.'  Under  our  conditions,  no  evidence 
of  citric  acid  synthe.sis  was  obtained  since  the  citrate  content  of  in  vitro 
calcification  was  not  influenced  to  any  measurable  degree  by  synthesis  in  situ. 
This  lack  of  citrate  synthesis  simply  indicates  that  not  all  the  ingredients 
necessary  to  provide  appreciable  amounts  of  citric  acid  are  present  in  the 
rachitic  bone.  It  is  possible  that  with  the  appropriate  organic  substrates  added 
for  citrogenase  activity,  the  citric  acid  synthesized  in  the  caleifying  matrix 
could  affect  the  citrate  content  of  the  mineral  deposited.  If  such  critical  in¬ 
gredients  are  not  present  in  the  bones  of  the  intact  rachitic  animal,  the  ap¬ 
propriate  substrate  would  have  to  be  transported  to  the  rachitic  bone.  How¬ 
ever,  at  present  one  cannot  exclude  the  pos.sibility  that  the  lack  of  the  citrate 
synthesis  under  our  condition  is  due  to  the  rapid  destruction  of  one  or  more 
of  the  critical  ingredients  necessary  for  citrate  synthesis. 

The  inhibition  by  citrate  of  calcification  in  vitro  was  observed  by  Shipley, 
Kramer,  and  Howland.*®  Dixon  and  Perkins'  have  also  noted  that  with  in¬ 
creasing  amounts  of  citrate  there  is  an  increasing  degree  of  inhibition.  The 
present  studies  indicate  that  the  interference  of  citrate  with  calcification  in 
vitro  is  primarily  related  to  the  formation  of  un-ionized  calcium  citrate  (Table 
I).  When  the  effective  Ca''  x  P  product  was  30  or  less,  no  new  calcification 
was  observed,  even  though  the  total  Ca  x  P  product  of  50  remained  constant. 
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We  hope  that  further  studies  employing  a  wide  variety  of  organic  sub¬ 
strates  may  throw  some  light  on  the  question  of  citrate  incorporation  in 
calcification  in  vitro.  Moreover,  in  vivo  studies  on  citrate  rPOi  ratios  in  bones 
and  teeth  in  relation  to  citrate  :P04  ratios  in  blood  serum  may  help  to  establish 
whether  local  synthesis  or  preformed  citrate  is  the  major  factor  accounting 
for  the  presence  of  citrate  in  the  bones  and  teeth. 


SUMMARY 

The  citrate  rPO*  ratios  of  the  new  minerals  deposited  during  calcification 
in  vitro  are  related  to  the  citrate  iPO^  ratios  of  the  fluid.  This  may  be  taken 
as  further  evidence  for  the  hypothesis  that  variations  of  the  composition  of 
mineral  deposits  in  the  body  are  related  to  variations  in  composition  of  the  fluid 
from  which  the  deposits  form.  There  was  no  evidence  of  citrate  incorporation 
in  the  absence  of  citrate  in  the  fluid,  above  the  small  amount  of  citrate  initially 
present. 
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THE  SOLUBILITY  OF  ENAMEL  SURFACES 
H.  R.  SULLIVAN,  D.D.So. 

Institute  of  Dental  Research,  Sydney,  Australia 

The  conclusions  reached  by  Applebaund  concerning  the  existence  of  a 
hypercalcified  layer  at  the  external  surface  of  enamel  excited  the  interest 
of  those  seeking  possible  mechanisms  by  which  the  initiation  of  carious  lesions 
might  be  influenced.  It  would  seem  reasonable  to  assume  that  if  such  a 
highly  calcifled  layer  exists,  it  would  be  dissolved  more  slowly  than  other 
portions  of  the  enamel. 

In  order  to  examine  this  possibility,  experiments  were  designed  with  a 
view  to  measuring  variations  which  might  exist  in  the  relative  rates  of 
solubility  of  the  enamel  substance  at  different  depths. 

MATERIAL.S  AND  METHODS 

Selection  of  Material. — Areas  of  enamel  were  chosen  w'hich,  in  addition  to 
being  free  from  flaws  and  lesions,  were  as  flat  as  i)ossible.  These  areas  were 
demarcated  and  then  thoroughly  cleaned  by  washing  and  gentle  rubbing. 
They  were  again  inspected  prior  to  use. 

Application  of  Acid. — A  piece  of  clean  glass  tubing  3  mm.  in  diameter  w'as 
cut  into  sections  approximately  30  mm.  in  length,  and  the  ends  were  ground 
flat.  One  of  these  tubes,  chosen  to  fit  with  perfect  apposition,  was  then 
cemented  with  dental  sticky  wax  to  the  selected  enamel  area,  care  being 
taken  that  no  sticky  wax  flowed  into  the  interior  of  the  tube.  The  joint  was 
examined  for  leaks  by  immersing  the  tooth  and  the  tube  in  w'ater.  They  were 
then  dried  and  dipped  into  molten  paraffin  to  strengthen  the  wax  seal.  In 
this  manner  a  series  of  enamel  surfaces  of  the  same  size  were  prepared  for 
exposure  to  acid.  A  fixed  quantity  (0.2  ml.)  of  acid  w’as  then  placed  in  each 
tube,  and  they  were  set  aside  at  a  constant  temperature  (26°  C.).  At  the  end 
of  three  hours  the  acid  was  removed  from  each  tube;  the  tubes  were  washed 
gently  three  times  with  distilled  water,  and  the  washings  were  pooled  with  the 
corresponding  samples  of  acid.  The  amount  of  phosphorus  present  in  each 
sample  of  acid  and  washings  was  determined. 

The  fixed  quantity  of  acid  was  then  placed  in  the  tubes  again  and  they 
were  set  aside  once  more  for  three  hours,  after  which  the  acid  was  removed 
as  before.  This  procedure  was  repeated  until  about  twenty-eight  applications 
of  acid  had  been  made  to  each  specimen.  In  order  to  avoid  any  drying  out 
of  the  enamel,  the  tubes  were  filled  with  distilled  water  whenever  acid  was  not 
being  applied.  This  distilled  water  w^as  discarded. 

Originally  it  had  been  intended  to  use  lactic  acid  for  these  experiments, 
but  it  was  found  that  this  acid  interfered  with  the  development  of  color  in 

This  paper  is  based  on  a  portion  of  a  thesis  submitted  to  the  University  of  Sydney  in  sup¬ 
port  of  candidature  for  the  degree  of  Doctor  of  Dental  Science. 
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the  method  used  for  the  estimation  of  phosphorus.  It  was  found  necessary, 
therefore,  to  use  N/lOO  hydrochloric  acid  as  the  solvent. 

Estimation  of  Phosphorus. — The  amount  of  phosphorus  in  the  various 
samples  was  determined  by  the  method  of  Fiske  and  Subbarow,  as  described 
by  Gradwohl,**  with  certain  minor  modifications  to  adapt  it  to  the  present 
investigations.  A  Unicam  photoelectric  colorimeter  was  used  for  the  de¬ 
termination  of  the  phosphorus  concentrations. 

Controls,  Blanks,  and  Recovery. — Whenever  estimations  were  made,  control 
tubes  were  set  up  with  a  known  quantity  of  a  standard  solution  of  phosphate ; 
likewise  blanks,  in  which  there  was  no  phosphate.  These  controls  and  blanks 
were  used  as  a  check  on  the  accuracy  of  a  previously  prepared  calibration 
curve. 

Tubes  similar  to  those  used  in  the  experiments  were  cemented  to  glass 
slides,  and  0.2  ml.  of  a  stock  phosphate  solution,  giving  a  concentration  in  the 
tube  of  16  /ig  of  phosphorus,  was  added  to  each  tube.  This  was  then  removed 
in  a  manner  similar  to  that  in  which  the  acid  solution  was  removed  from  the 
enamel.  An  estimation  of  the  phosphorus  was  then  made  in  order  to  determine 
the  efficiency  of  the  technic  for  recovery  of  phosphorus.  Of  the  16  pg  of 
phosphorus  added  to  the  tubes  the  amount  recovered  was  never  less  than 
15.5  pg. 

When  the  acid  was  left  in  contact  with  the  enamel  for  a  period  of  some 
seven  hours,  approximately  16  pg  of  phosphorus  was  liberated;  when  the 
])eriod  of  contact  was  three  hours  only,  an  average  of  about  11  pg  was 
liberated.  This  meant  that  the  acid  was  always  present  in  excess  and  that 
therefore  differences  in  the  rate  of  solution  of  the  various  samples  tested 
could  be  aecepted  as  significant. 

Rate  of  Removal  of  Phosphorus  From  Enamel  by  N/lOO  HCl. — The  follow¬ 
ing  experiments  were  carried  out  in  order  to  observe  the  rate  of  removal  of 
phosphorus  from  normal  enamel  at  various  depths. 

Experiment  1.  Tubes  were  cemented  to  three  areas  of  normal  enamel,  and 
acid  was  applied  in  the  manner  already  described,  making  twenty-six  applica¬ 
tions  in  all.  Phosphorus  estimations  were  made  for  each  individual  applica¬ 
tion  of  acid  to  each  tooth,  that  is,  seventy-eight  estimations  in  all.  Experi¬ 
ment  2.  Twelve  areas  of  enamel  were  selected,  six  on  unerupted  teeth 
and  six  on  caries-free  portions  of  erupted  teeth.  The  twelve  areas  were  very 
carefully  ground  so  that  the  surface  was  removed,  but  the  dentin  was  not 
exposed.  They  were  examined  for  fractures  or  any  other  condition  likely  to 
expose  the  dentin  and  were  then  polished  with  great  care.  Tubes  were 
cemented  to  these  areas,  and  a  series  of  twenty-nine  applications  of  acid  was 
carried  out  for  each  of  the  twelve  samples.  Phosphorus  estimations  (348  in 
all)  were  again  carried  out  for  each  individual  application  of  acid  to  each 
specimen  of  enamel. 

Rate  of  Removal  of  Phosphorus  From  Enamel  by  N/ 1,000  HCl. — It  was 
decided  to  observe  the  effects  of  more  dilute  solutions  of  acid  in  order  to  de¬ 
termine  whether  such  solutions  revealed  a  greater  variation  than  more  concen- 
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trated  solutions;  that  is,  whether  any  variation  in  deealcifi cation  was  being 
masked  by  the  too  drastic  effect  of  a  concentrated  acid.  After  some  experimenta¬ 
tion,  the  following  changes  in  the  technic  already  described  were  decided  upon: 

Instead  of  N/lOO  HCl,  0.2  ml.  of  N/1,000  HCl  was  used.  It  was  removed 
after  a  period  of  three  hours  and  placed  in  a  test  tube.  The  pipette  was  washed 
by  sucking  up  and  down  a  small  quantity  of  distilled  water  which  was  placed 
in  the  test  tube  with  the  acid.  This  was  done  in  order  to  keep  the  quantity 
of  distilled  water  to  a  minimum.  Acid  was  applied  to  eaeh  specimen  seven 
times,  the  previously  described  procedure  being  observed  in  each  case,  except 
that  the  acid  and  the  washings  from  each  of  the  seven  applications  to  each 
tooth  were  pooled  so  that  finally  a  sample  for  each  specimen  of  enamel  was 
obtained  which  consisted  of  the  combined  applications  of  the  acid  on  the  seven 
occasions.  An  estimation  was  then  carried  out  on  each  of  these  samples.  In 
this  way,  the  amount  of  the  washings  and  the  acid  could  be  kept  to  approxi¬ 
mately  5  ml.,  and  the  concentration  of  phosphorus  was  sufficient  to  give  an 
accurate  colorimeter  reading. 

Experiment  3(i).  Areas  of  enamel  on  twelve  teeth  were  selected.  The 
specimens  were  then  divided  into  two  groups.  In  one  group  the  surfaces  were 
left  untouched;  in  the  other  the  surfaces  were  very  carefully  ground  and 
polished  as  previously  described.  Small  tubes  were  then  affixed  to  all  surfaces, 
and  0.2  ml.  quantities  of  N/1,000  HCl  were  applied  for  three-hour  periods. 
The  acid  and  washings  from  each  individual  tooth  were  pooled  for  each  series 
of  seven  consecutive  exposures,  and  phosphorus  estimations  were  then  carried 
out.  Altogether,  twenty-eight  applications  were  made.  Experiment  3(ii). 
At  the  end  of  Experiment  3(i),  the  areas  of  enamel  which  had  been  used 
therein  were  very  gently  ground  and  polished,  so  that  twelve  newly  ground 
and  polished  surfaces  of  enamel  were  obtained.  Tubes  were  again  cemented 
into  position  so  that  the  new  surfaces  to  be  exposed  to  acid  corresponded 
in  position  as  closely  as  possible  to  the  areas  tested  in  the  previous  portion  of 
the  experiment.  Then,  0.2  ml.  quantities  of  N/1,000  HCl  were  applied  to  eaeh 
tooth  for  twenty-eight  applications  (in  groups  of  seven)  and  the  phosphorus 
liberated  was  determined  as  before.  Experiment  4(i).  Areas  of  enamel  on 
another  twelve  teeth  were  submitted  to  the  action  of  0.2  ml.  of  N/1,000  HCl 
for  twenty-eight  applications.  Phosphorus  estimations  were  carried  out  as 
before.  Experiment  4(ii).  The  areas  of  enamel  which  had  been  subjected  to 
acid  attack  in  Experiment  4(i)  were  carefully  ground  and  polished  and  again 
submitted  to  the  action  of  N/1,000  HCl  for  twenty-eight  applications.  Phos¬ 
phorus  estimations  were  carried  out  as  before. 

RESULTS 

Statistical  Analysis. — The  statistical  analysis  of  the  results  was  made  using 
the  logarithms  of  the  spectrophotometer  readings,  because  these  are  linearly 
associated  with  the  amount  of  phosphorus  dissolved.  Regression  coefficients  were 
fitted  to  the  logarithms  of  the  readings  at  successive  times  for  individual  speci¬ 
mens.  The  first  regression  coefficient  (bi)  indicated  the  average  extent  to  which 
readings  were  increasing  or  decreasing  with  time;  the  value  of  bi  gave  the 
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change  in  the  logarithm  of  the  photometer  reading  with  each  unit  of  time. 
The  second  regression  coefficient  (b2)  indicated  whether  the  rate  of  change, 
whose  average  is  measured  by  bi,  was  itself  increasing  or  decreasing  with  time. 
It  should  be  noted  that  the  spectrophotometer  readings  decrease  as  the  con¬ 
centration  of  the  solution  increases,  so  that  a  negative  bi  in  these  analyses 
meant  an  increasing  concentration,  and  a  positive  b2  meant  that  the  rate  of 
increase  in  concentration  was  slowing  down.  Analyses  of  variance  were  made 
to  test  the  significance  of  differences  between  teeth  in  mean  value  and  in 
regression  coefficients. 

Experiment  1.  There  was  a  significant  increase  in  concentration  for  each 
specimen,  accompanied  by  a  slowing  down  in  the  rate  of  increase,  which  was 
.significant  on  the  mean  of  the  three  specimens.  There  were  no  significant 
differences  between  specimens  either  for  the  mean  value  or  for  the  bi  and  b2 
values. 

Experiment  2.  Only  the  linear  regression  coefficients  were  significant  in 
this  experiment.  There  was  no  significant  difference  between  the  two  sets  of 
six,  either  in  mean  value  or  in  regression  coefficients.  The  six  unerupted 
teeth,  however,  were  uniform  among  themselves  both  for  mean  values  and 
regression  coefficients,  whereas  the  six  erupted  teeth  showed  significant  differ¬ 
ences  among  themselves,  both  in  mean  values  and  in  regression  coefficients. 

Experiment  3(i).  There  were  only  four  values  for  each  specimen  after 
pooling  and  only  the  linear  regression  coefficients  were  calculated.  Only  three 
out  of  twelve  of  the  regression  coefficients  for  individual  specimens  were 
significant,  but  in  each  case  the  pooled  coefficient  over  six  specimens  was 
significant.  There  was  no  difference  in  the  mean  values  or  regression  co¬ 
efficients  between  the  normal  and  ground  surfaces.  In  both  cases  the  in¬ 
dividual  specimens  differed  among  themselves  in  mean  values,  although  not  in 
regression  coefficients. 

Experiment  3(ii).  The  same  specimens  were  used  as  in  Experiment  3(i). 
Those  which  had  previously  been  ground  showed  no  significant  values  of  b; 
the  other  group  still  showed  a  significant  value  for  the  pooled  bi  value.  The 
two  groups  still  varied  from  tooth  to  tooth  in  mean  value. 

Experiment  4(i).  There  were  no  significant  trends.  The  specimens  were 
significantly  different  from  each  other  in  mean  values. 

Experiment  4(ii).  There  was  no  significant  linear  trend  but  a  significant 
quadratic  term,  caused  by  a  fall  over  the  first  three  readings  and  a  sharp  rise 
on  the  fourth.  The  specimens  differed  significantly  from  each  other. 

General  Observations. — Experiment  1.  All  three  specimens  gave  similar 
results.  The  amount  of  phosphorus  dissolved  by  the  acid  gradually  increased 
until  a  certain  level  was  reached  at  which  the  rate  of  solution  remained  fairly 
constant.  The  mean  amount  per  tooth  of  phosphorus  dissolved  out  by  the  first 
application  of  acid  was  9.75  and  the  mean  for  the  last  (twenty-sixth)  applica¬ 
tion  was  11  /ig. 

Experiment  2.  There  was  no  significant  difference  between  the  behavior 
of  the  unerupted  and  erupted  teeth.  The  ground  surfaces  of  the  six  unerupted 
teeth  all  gave  similar  results.  In  this  group  there  was  no  stabilization  of  the 
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amount  of  phosphorus  dissolved.  The  mean  amount  dissolved  by  the  first 
application  of  acid  was  10.25  /ig  per  tooth  and  the  mean  for  the  last  (twenty- 
ninth)  application  was  11.75  fig. 

The  ground  surfaces  of  the  six  erupted  teeth  gave  results  in  which  there  was 
a  significant  difference  between  individual  teeth.  However,  again  no  stabiliza¬ 
tion  was  observed.  The  mean  amount  of  phosphorus  dis.solved  by  the  first 
application  of  acid  was  9.9  fig  and  the  mean  for  the  la.st  (twenty-ninth)  applica¬ 
tion  was  12.0  fig. 

Experiment  3(i).  The  normal  surfaces  of  the  .six  teeth  gave  results  similar 
to  those  for  other  normal  surfaces  in  that  some  stabilization  in  rate  of  solution 
did  occur.  The  mean  amount  of  phosphorus  dis.solved  per  tooth  by  the  first  seven 
applications  of  acid  was  6.75  fig  and  the  mean  for  the  last  seven  (twenty-second 
to  twenty-eighth)  applications  was  8.75  fig.  The  ground  surfaces  of  the  other 
six  teeth  gave  .somewhat  variable  results  but,  as  in  the  previous  similar  groups, 
no  .stabilization  of  rate  of  solution  was  seen.  The  mean  amount  of  phosphorus 
dis.solved  by  the  first  seven  applications  of  acid  was  6.5  fig  and  the  mean  for  the 
last  seven  (twenty-.seeond  to  twenty-eiglith)  applications  was  8.0  fig. 

Experiment  3(ii).  No  surface  in  this  group  showed  any  increase  in  its 
rate  of  solution.  Indeed,  the  surfaces  in  the  group  which  had  been  reground 
showed  a  very  slight,  but  significant,  decrease. 

The  mean  amount  of  phosphorus  di.s.solvod  in  the  fii'st  group  remained  con¬ 
stant  at  9.5  fig  for  both  the  fir.st  and  last  of  the  seven  runs,  while  the  second 
group  had  a  mean  of  10  fig  for  the  first  seven  runs  and  9  fig  for  the  la.st  seven 
runs. 

Experiment  4(i).  In  this  group  of  twelve  teeth  there  was  no  significant 
trend  in  the  amount  of  phosphorus  di.s.solved,  and  the  individual  teeth  varied 
significantly  in  the  way  in  which  they  behaved.  The  means  for  the  first  seven 
and  for  the  last  .seven  applications  of  acid  were  .similar,  being  8.5  fig. 

Experiment  4(ii),  The  ground  .surfaces  of  the  twelve  teeth  also  showed 
no  significant  trend,  and  again  the  means  for  the  first  and  the  last  seven 
applications  of  acid  were  similar;  10.25  fig. 

DISCUSSION  AND  CONCLUSIONS 

It  may  be  argued  that  an  estimation  of  phosphorus  does  not  give  an  ac¬ 
curate  representation  of  the  rate  of  solution  of  enamel.  For  example,  it  is 
pos.sible  that,  depending  on  the  depth  at  which  di.s.solution  was  proceeding,  cal¬ 
cium  phosphate  may  be  being  dissolved,  while  in  another  tooth  it  may  be 
carbonate  apatite.  In  such  a  case,  an  estimation  of  phosphorus  content  only 
would  not  reflect  the  true  relative  rates  of  solution  of  the  two  teeth.  How¬ 
ever,  inasmuch  as  similar  surfaces  and  depths  of  enamel  have  been  compared 
at  all  times,  these  results  should  reflect  the  relative  rates  of  solution. 
Erics.son®  has  discus.sed  this  point  and  he  stated  that  the  molar  ratio  between 
the  amounts  of  phosphate  and  calcium  dissolved  remains  constant.  Brudevold* 
also  relied  on  phosphorus  estimations  only. 
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It  had  been  hoped  that,  if  a  protective  layer  of  enamel  existed,  one  might 
be  able,  in  such  a  series  of  tests,  to  show  a  point  in  the  series  at  which  there 
was  a  fairly  obvious  change  in  the  solubility.  Although  in  a  certain  number 
of  the  tests  a  gradual  increase  in  solubility  was  noted,  such  an  increase  may 
be  due  to  the  possible  increase  in  surface  area  consequent  upon  the  gradual 
roughening  of  the  enamel,  for  once  a  single  application  of  acid  has  been  made 
to  a  tooth  surfaee,  the  conformation  of  that  surface  may  be  changed,  and  thus 
variations  in  the  exposed  surface  area  may  occur.  These  changes  may  initially 
be  minute,  but  as  the  technic  adopted  is  a  microestimation,  such  changes  must 
be  taken  into  account  in  the  interpretation  of  the  results. 

However,  two  other  points  should  be  noted.  First,  in  the  majority  of 
experiments  in  which  normal  surfaces  were  used,  the  rate  of  solution  became 
relatively  constant,  whereas  in  the  experiments  in  which  ground  surfaces 
were  used  there  was  no  such  stabilization  of  the  rate  of  solution.  If  one  were 
to  assume  that  the  initial  increases  in  decalcification  in  both  cases  were  due  to 
increase  in  surface  area,  it  could  be  argued  that  the  stabilization  in  the  normal 
enamel  surfaces  indicated  a  resistance  to  decalcification  which  was  lacking  in 
the  specimens  of  ground  enamel.  Second,  it  can  be  seen  in  Table  I  that  in 
those  experiments  (3  and  4)  in  which  the  relative  solubility  of  the  surface 
enamel  and  the  corresponding  subsurface  enamel  was  tested,  the  subsurface 
enamel  always  appeared  more  soluble  than  the  surfaee  enamel. 


Table  I 

The  Averaoe  Amount  of  Phosphori’s  Dissolved  in  Various  Stages  of  the  Experiment 


EXPERIMENT 

MEAN  PER  TOOTH  FOR  I 
THE  FIRST 

APPLICATION 

(MG) 

MEAN  PER  TOOTH  FOR 
THE  LAST 
APPLICATION 
(MG) 

1 

Normal  surfaces 

9.75 

11.0 

2 

Ground  surfaces  of 

9.9 

12.0 

erupted  teeth 

Ground  surfaces  of 

10.25 

11.75 

unerupted  teeth 

Mean  per  tooth  for 

Mean  per  tooth  for 

the  first  seven  ap- 

the  last  seven  ap- 

plications 

plications 

3(i) 

Normal  surfaces 

6.75 

8.75 

Ground  surfaces 

6.5 

8.0 

3(ii) 

Ground  surfaces 

9.5 

9.5 

Reground  surfaces 

10.0 

9.0 

4(i) 

Normal  surfaces 

8.5 

8.5 

4(ii) 

Ground  surfaces 

10.25 

10.25 

Yardeni®  discussing  weight  losses  in  whole  enamel  samples,  demonstrated 
the  dissolution  curve  to  be  of  sigmoid  form.  The  results  of  these  experiments 
carried  out  on  normal  enamel  surfaces  would  tend  to  confirm  this  observation, 
but  the  solution  of  ground  enamel  surfaces  presented  quite  a  different  result  in 
that  stabilization  of  the  amount  of  phosphorus  dissolved  did  not  occur. 
Yardeni  interpreted  this  finding  as  an  indication  of  the  presence  of  a  hyper- 
calcified  layer  of  enamel. 
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It  will  also  be  noted  that,  in  a  number  of  the  experiments,  variations  in 
phosphate  solubility  were  found  in  different  groups  of  teeth.  The  only  ob¬ 
servation  made  on  unerupted  teeth  concerned  ground  surfaces,  but  the  rate 
of  solubility  of  these  surfaces  did  appear  to  be  greater  than  that  of  comparable 
ground  surfaces  of  erupted  teeth. 

All  of  these  observations  confirm  the  work  of  Brudevold.^  He  found  no 
relationship  between  the  solubility  of  surface  enamel  and  that  of  the  cor¬ 
responding  subsurface  enamel,  and  suggested  that  “this  lack  of  correlation 
suggests  that  the  solubility  of  the  surface  depends  not  upon  the  original  struc¬ 
ture  of  the  enamel  as  it  \ras  laid  down,  but  upon  protein  deposits  or  chemical 
changes  which  were  acquired  after  eruption  of  the  teeth.”  My  results,  as 
seen  particularly  in  Experiment  4,  would  seem  to  confirm  this  observation. 
However,  the  explanation  suggested  by  Brudevold  may  not  be  the  only  possi¬ 
bility.  While  great  care  was  exercised  in  the  selection  of  areas  of  enamel  and 
also  in  tlieir  cleasing,  obviously  the  possibility  of  the  presence  of  organic 
material  cannot  be  excluded,  although  it  is  doubtful  that  it  could  have  been 
present  sufficiently  often  and  in  sufficient  quantities  to  give  rise  to  the  consistent 
differences  in  the  different  sets  of  results. 

It  might  be  concluded,  then,  that  teeth  vary  in  their  relative  solubility 
and  that  the  enamel  of  unerupted  teeth  is  relatively  more  soluble  than  that 
of  erupted  teeth.  It  also  would  appear  that  the  external  layers  of  enamel  are 
less  soluble  than  the  corresponding  subsurface  enamel.  These  experiments  give 
no  indication  as  to  the  cause  of  this  relative  insolubility,  but  linking  these 
results  with  those  of  other  investigators  would  suggest  the  existence  of  a  less 
soluble  (or  hypercalcified)  zone  of  enamel  at  the  external  surface. 

SUMMARY 

1.  Surfaces  of  enamel,  treated  in  various  fashions,  were  continually  sub¬ 
jected  to  applications  of  acid,  and  the  rate  of  deealeification  was  estimated. 

2.  There  is  some  evidence  that  the  enamel  of  unerupted  teeth  is  more  soluble 
than  that  of  erupted  teeth. 

3.  As  a  general  observation,  the  external  layers  of  enamel  are  less  soluble 
than  the  corresponding  subsurfaces. 

4.  It  is  suggested  that  this  relative  insolubility  indicates  the  existence  of  a 
hypercalcified  zone  of  enamel  at  the  external  surface. 

I  wish  to  thank  Miss  Helen  Turner  of  the  Seetion  of  Mathematical  Statistics,  C.S.I.R.O., 
for  her  guidance  in  the  statistical  computations. 
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THERMAL  CONDUCTIVITY  OF  DENTAL  CEMENT 

A  METHOD  AND  DETERMINATIONS  FOR  THREE  COMMERCIAL  MATERIALS 
RALPH  W.  PHILLIPS,  RICHARD  H.  REINKING,  AND  LLOYD  J.  PHILLIPS 
Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

ZINC  phosphate  cement  has  long  been  utilized  as  a  cement  base  to  insulate 
the  tooth  structure  from  possible  injury'  due  to  the  high  thermal  conductiv¬ 
ity  of  metallic  restorations.  Although  this  material  has  apparently  been  an 
effective  insulator,  very  few  references  appear  in  the  literature  concerning  an 
actual  value  for  the  coefficient  of  thermal  conductivity  of  the  various  cements. 
Likewise,  there  are  no  data  available  concerning  the  effect  of  manipulative  vari¬ 
ables  upon  this  property.  Therefore,  it  is  the  purpose  of  this  paper  to  discuss 
the  development  of  an  apparatus  for  the  determination  of  thermal  conductivity 
and  to  present  some  experimental  data  obtained  by  the  method  developed. 

Many  methods  are  reported  in  scientific  literature  for  the  measurement  of 
the  thermal  conductivity  of  small  bodies.  The  apparatus  of  choice  varies  con¬ 
siderably  with  the  conductivity  range  of  the  material  being  tested  and  the  size 
of  the  specimen  to  be  employed.  The  methods  used  for  testing  steels  would 
be  applicable  for  determining  the  conductivity  of  the  gold  or  silver  alloys 
used  in  restorative  dentistry.^  However,  the  measurement  of  materials  which 
have  low  thermal  conductivity  presents  problems  that  are  somewhat  different, 
especially  when  small  specimens  are  to  be  measured.  The  values  for  the  ther¬ 
mal  conductivity  of  dental  cements  fall  in  the  same  general  range  as  optical 
crystals,  glass,  plexiglass,  quartz,  and  ceramic  materials.*  The  method  for  the 
determination  of  the  conductivity  of  small  homogeneous  ceramic  materials 
developed  by  Stalhane  has  considerable  merit.®  None  of  these  methods  is  par¬ 
ticularly  suitable  to  the  measurement  of  dental  cement  samples.  It  was  de¬ 
cided  that  the  basic  apparatus  developed  by  Lisanti  and  Zander  for  the  deter¬ 
mination  of  the  thermal  conductivity  of  dentin  was  practical  and  sufficiently 
accurate  for  our  purposes.^ 

PROCEDURE 

The  apparatus  utilized  for  the  determination  of  the  coefficient  of  thermal 
conductivity  (hereafter  referred  to  as  Kt)  is  schematically  represented  in  Fig. 
1.  The  essential  parts  of  the  apparatus  are  two  copper  thermodes,  made  of 
%  inch  rod,  which  have  their  long  axes  in  the  same  horizontal  line  and  are 
supported  in  the  center  of  an  18  inch  by  10  inch  by  10  inch  wooden  box.  The 
adjacent  ends  of  the  two  thermodes  are  ground  flat  and  parallel.  The  input, 
or  “hot,”  thermode  is  held  rigid.  The  output,  or  “cold,”  thei-mode  is  braced 
laterally  but  is  allowed  a  limited  amount  of  sliding  movement  in  the  direction 

This  Investigation  was  supported  in  part  by  a  grant  from  the  Medical  Research  and 
Development  Board,  Office  of  the  Surgeon  General,  Department  of  the  Army,  contract  No.  D.\- 
49-007-MD-391. 
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of  its  loiif?  axis.  The  cement  specimen  to  he  measured  is  interi)osed  between 
the  adjacent  ends  of  the  two  thermodes  and  is  held  snugly  in  position  by  the 
action  of  a  .sjjring  compressed  against  the  other  end  of  the  output  thermode. 
An  electric  heating  coil,  surrounding  the  input  thermode,  supplies  the  thermal 
energy  to  the  system.  To  as.sure  a  constant  flow  of  current  through  the  coil, 
the  line  voltage  is  stabilized  by  a  voltage  stabilizer  and  the  voltage  is  stepped 
down  by  means  of  a  variable  transformer. 


Pot«n*io<n«ltr 


Fig.  1. — Schematic  diagram  of  apparatus  to  measure  thermal  conductivity  of  specimen. 


Heat  is  removed  from  the  .system  by  a  constant  flow  of  cool  water  through 
a  copper  tube  wrapped  around,  and  soldered  to,  the  output  thermode.  To 
maintain  a  constant  flow  of  water,  a  storage  container  fitted  with  an  overflow 
pipe  is  placed  above  the  level  of  the  cooling  coil.  The  container  is  kept  filled 
to  the  overflow  level  with  tap  water,  thus  maintaining  a  constant  head  above 
the  cooling  tube.  Water  passes  from  the  storage  to  the  cooling  tube  by  means 
of  a  siphon.  In  order  to  measure  the  temperature  gradient  along  the  system, 
four  iron-constantan  thermocouples  (24  gauge)  are  s[)aced  at  intervals  in  the 
thermodes.  Two  couples  are  soldered  into  each  thermode.  One  is  placed  in  a 
notch  cut  in  the  flat  end  and  the  other  is  placed  in  a  hole  drilled  I  cm.  from 
the  first.  The  couples  are  connected  to  a  rotary  selector  switch  mounted  on 
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the  side  of  the  wooden  box.  Thermocouple  wires  complete  the  connection  be¬ 
tween  the  switch  and  the  Leeds  and  Northrup  model  K  potentiometer.  The 
thermocouples  were,  of  course,  insulated.  To  minimize  heat  loss  by  convection 
and  radiation,  the  space  around  the  thermodes,  specimen,  and  thermocouples 
is  filled  with  an  insulating  material. 


Eig.  2. — Schematic  diagram  of  thermocouples  (ti  and  t»)  embedded  In  specimen  at  distance  x 

apart. 

Considerable  experimentation  preceded  the  actual  determination  of  Kt 
for  various  cement  samples.  This  included  the  use  of  various  types  of  insulat¬ 
ing  materials  in  order  to  minimize  heat  losses.  Specimens  of  larger  diameters 
were  used  in  an  attempt  to  prevent  heat  leakage  past  the  samples.  However, 
this  latter  technic  was  discarded  when  it  was  learned  that  if  the  specimens  were 
larger  than  the  source,  the  heat  flow  would  follow  a  pattern  similar  to  the 
lines  of  force  between  the  poles  of  a  magnet.  Since  it  was  not  possible  to  have 
the  adjacent  faces  of  the  specimen  and  the  thermodes  perfectly  parallel,  small 
air  gaps  were  formed  between  these  surfaces.  To  improve  this  contact,  several 
different  types  of  oils  were  used,  but  little  difference  could  be  noted  in  the 
values  obtained.  The  reason  for  this  apparent  lack  of  improvement  lies  in  the 
fact  that  these  oils  are  in  themselves  fairly  good  insulators*  (Table  II).  It 
was  finally  decided  to  insert  a  thin  mix  of  silver  amalgam  between  the  speci¬ 
men  and  the  thermodes  to  promote  conduction.  Although  this  assured  good 
heat  conduction  to  the  specimen,  two  other  problems  were  now  presented: 

(1)  the  true  temperatures  of  the  faces  of  the  sample  were  not  being  mea.sured, 
since  thermocouples  t2  and  ta  (Fig.  1)  were  in  the  ends  of  the  thermodes,  and 

(2)  the  length  of  the  si)ecimen  was  now  changed  by  the  amount  of  the  amalgam 
useil  as  conductor.  To  overcome  these  difticulties,  it  became  necessary  to  use 
a  longer  specimen  in  order  that  additional  thernu)Couples  could  actually  be 
embedded  in  the  specimen  itself.  In  this  way,  the  true  temperature  differ¬ 
ential  acn)ss  a  given  length  of  the  specimen  could  accurately  be  detenuined. 
This  improvement  in  the  method  of  determining  the  differential  is  analogous 
to  the  ])otential  methoil  of  determining  electric  resistance.*  By  means  of  a 
special  mold,  the  cement  samples  are  formed  into  a  0.73  cm.  cubt*  with  the 
thermocouple  hot  junctions  (28  gauge  wire)  embedded  within  (Fig.  2).  The 
temperatures  of  these  two  thernuH'ouples  are  referred  to  as  ti  and  t*  in  the 
calculations.  A  photograph  of  the  es.scntial  components  can  be  seen  in  Fig.  3. 
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By  use  of  this  method,  the  contact  resistance  and  the  subsequent  air  spaces 
that  result  from  the  lack  of  perfect  and  complete  contact  will  have  negligible 
effect  in  determining  the  thermal  coefficient.  Fig.  4  explains  the  electric  anal¬ 
ogy.  The  unknown  resistance  is  Rx  and  the  contact  resistance  is  represented 
by  AB  and  CD.  When  these  latter  resistances  are  on  the  order  of  magnitude 
of  the  unknown  resistance,  then  the  error  is  appreciable.  Eg  represents  a 
source  of  energy  which  produces  a  current  flow,  I,  which  can  be  measured  by 
A.  The  contact  resistance,  plus  the  unknown  resistance,  will  control  the  mag¬ 
nitude  of  the  current  with  a  given  source,  electromotive  force.  If  the  voltage 


Fig.  3. — Essential  components  of  apparatus.  A,  Hot  thermode ;  B,  cold  thermode ;  C,  specimen : 
D,  thermocouples  embedded  in  specimen ;  E,  thermocouples  In  thermodes. 


drop  is  measured  across  AD  and  the  resistance  is  calculated  as — j — ,  then  the 

value  will  be  incorrect  by  the  amount  of  the  contact  resistance.  If,  however, 

VBC 

the  voltage  drop,  VBC,  is  used,  then  the  resistance  calculated  as  — will  be 

only  the  unknown  resistance.  The  magnitude  of  the  current  is  unimportant 
but  we  must  know  what  it  is.  It  makes  little  difference  whether  it  is  2  micro¬ 
amperes  or  2  milliamperes  as  long  as  its  value  is  known  and  that  particular  value 
is  used  in  the  calculations. 

The  heat  circuit  is  very  similar  A  heating  coil  is  used  in  place  of  Eg  and, 
of  course,  the  heat  flow  represents  the  current,  /.  To  measure  the  magnitude  of 
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the  heat  flow,  the  thermocouples  Tt,  Tt,  r„  and  T*  were  used.  However,  the 
thermocouples  ti  and  tz  are  placed  at  points  B  and  C,  and  thus  the  contact  and 
its  insulating  ability  do  not  enter  into  the  calculations.  It  is  true  that  this  effect 
will  alter  the  quantity  of  heat  flow,  but  it  is  unimportant  what  that  quantity  is 
as  long  as  it  can  be  determined  and  used  for  calculating  the  thermal  conduc¬ 
tivity  of  the  specimen.  Thus,  this  is  similar  to  the  electric  circuit  previously 
discussed. 


T2  T3 

Fig.  4. 


After  the  specimen  has  been  placed  in  test  position,  the  thermocouple 
potentials  are  recorded  at  room  temperature  to  correct  for  any  discrepancies 
among  them.  The  temperature  of  the  input  thermode  was  maintained  at  120° 
to  130°  F.  during  the  test  period.  Once  a  test  has  been  started,  a  period  of 
about  twelve  hours  is  required  for  the  apparatus  to  reach  a  state  of  steady 
flow.  This  condition  is  assumed  to  exist  when  (Ti  -  Tj)  and  (Ts  -  T*)  are  ap- 


Since  line  voltage,  room  temperature,  and  especially  the 
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cooling  water  temperature  do  not  remain  absolutely  constant,  it  is  difficult 
to  attain  the  ideal  steady  state.  For  this  reason  the  average  of  (Ti  -  Tg)  and 
(T3  -  T4)  is  used  in  the  calculation  of  Q, 

The  equipment  has  been  standardized  and  checked  for  accuracy  by  tests 
made  on  a  sample  of  glass,  No.  7740,  of  known  conductivity.* 

The  coefficient  of  thermal  conductivity,  Kt,  is  defined  as  the  quantity  of 
heat  in  small  calories  which  is  transmitted  per  second  through  a  material  1  cm. 
thick  per  square  centimeter  of  its  surface  when  the  difference  of  temperature 
between  the  two  opposing  faces  is  1°  C.®  In  order  to  calculate  Kt,  the  fol¬ 
lowing  formulas  are  emploved* : 

(a)  Q  _ 

1j 


where  Q  == 
Ko  = 

AT  = 

AT  = 

A  = 
L  = 


quantity  of  heat  in  calories  per  second 

coefficient  of  thermal  conductivity  of  copper  in  calo- 

ries/sec./cm./°  C./cm.^ 

temperature  differential  along  thermodes  in  °  C. 

(Tt  -  T3)  -f  (Ts  -  T4) 

2 

cross-sectional  area  of  thermode  in  cm.® 

distance  between  thermocouples  on  thermodes  in  cm. 


(b) 


Kt  = 

where 


Q  •  m 
( At)a 
Kt  = 


coefficient  of  thermal  conductivity  of  unknown  speci¬ 
men  in  calories/sec. /cm. /°  C./cm.® 
ni  =  distance  between  thermocouples  ti  and  ta  in  cm. 

Q  =  value  from  (a) 

At  ==  temi>erature  differential  along  the  specimen  in  °  C. 

At  =  (ti  -  U) 

a  =  cross-sectional  area  of  specimen  in  cm.® 

A  sample  calculation  of  Kt  for  si)ecimen  N(>.  1  iff  cement  Brand  A  follows: 

(a)  Q  =  ‘ 


where  K^u  =  0.916  eal./see./cm./°  C./cm.® 

.  T,  I  (Tt  -  Ta)  +  (T3  -  T4)  .  5^  C. 
^  2  9 

Tt  =  120.400°  F. 

Ta  =  120.100°  F. 

T,  =  56.067°  F. 

Tt  =  55.7:13°  F. 

AT  =  0.176°  C. 


Aeu  =  ^  ■  (2.54d)® 

d  =  0.:375  in. 

Apu  =  0.714  cm.® 

L  =  1  cm. 

^  (0.916)  (0.176)  (0.714)  . . 

Q  =  - j -  =  0.1  lu  cal./sec 

•Furnished  by  the  Corning  Glass  Works,  Corning,  N.  Y. 
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(b)  Kt  = 

where  m  = 
At  = 


At 

a 


Q  •  m 

(At)a 


0.38  cm. 

ti  =  108.900°  F. 

U  =  71.464°  F. 

20.798°  C. 

0.73  X  0.73  =  0.533  cm.* 


K. _ (0.115)  (0.38)  _  0.00394  =  3.94  x  10  *  cal./sec./cm./°  C./cm.* 

‘  (20.798)  (0.533) 

Experimental  data  found  on  testing  three  commercially  available  zinc 
phosphate  cements  are  reported  in  Table  I.  The  cements  were  Caulk,  Fleck’s, 
and  S.S.  White.  The  powder-liquid  ratio,  the  temperature  of  the  mixing  slab. 


Table  I* 


SPECIMEN 

NUMBER 

BRAND  A 

BRAND  B 

BRAND  C 

1 

3.94 

6.71 

3.75 

2 

3.80 

5.06 

3.18 

3 

3.47 

5.06 

3.38 

4 

4.08 

6.97 

3.82 

5 

3.89 

5.49 

3.36 

6 

4.43 

4.67 

3.50 

7 

3.41 

5.40 

4.42 

8 

3.81 

4.07 

3.98 

9 

4.87 

5.02 

3.70 

10 

5.00 

4.61 

11 

5.15 

4.61 

12 

4.31 

4.42 

13 

4.52 

4.08 

14 

4.87 

15 

4.30 

Mean  value 

4.29 

5.37 

3.91 

•Kt  =  cal./sec./cm./®  C./cm.*  X  10-*. 

Table  II 

K,  FOR  Various  Materials 

K, 

TEMPERATURE  (®  C.) 

Cement  A 

0.00429 

49 

Cement  B 

0.00537 

53 

Cement  C 

0.00391 

55 

Dentin* 

0.00229 

Glass  t 

0.0025 

Fused  silica t 

0.00237 

20 

Quartz  t 

0.0173 

0 

Glass  wool! 

0.00010 

50 

Asbestos  woolt 

0.000215 

0 

Water! 

0.00143 

20 

Vaseline! 

0.0344 

25 

Castor  oil! 

0.03425 

Petroleum  oil! 

0.03355 

13 

Glycerin! 

0.0368 

25 

Vulcanite! 

0.00087 

Gold! 

0.705 

17 

Silver! 

1.006 

18 

*Lisanti  and  Zander.* 

tValues  taken  from  Smithsonian  physicai  tabies.* 
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and  the  mixing  procedure  were  all  according  to  the  directions  supplied  by  the 
manufacturer.  An  interval  of  approximately  thirty  minutes  elapsed  between 
the  time  of  mixing  the  cement  and  the  placing  of  the  specimen  in  the  apparatus 
for  testing.  The  conductivity  of  each  specimen  was  measured  during  a  six- 
day  periol.  Thus  each  value  shown  in  this  table  represents  an  average  of  at 
least  six  determinations.  The  Kt  for  various  other  materials  reported  in  the 
literature  appears  in  Table  II  for  comparison  with  the  values  determined  for 
zinc  phosphate  cement.  It  is  felt  that  the  data  here  reported  represent  true 
values  of  Kt  for  the  experimental  conditions  which  were  present.  Zinc  phos¬ 
phate  cements  do  appear  to  be  effective  thermal  insulators.  It  is  to  be  noted 
that  the  values  listed  compare  with  the  coefficient  for  dentin  obtained  by 
Lisanti  and  Zander.^  To  determine  Kt  under  more  closely  simulated  oral  con¬ 
ditions,  it  will  be  necessary  to  include  the  effect  of  moisture  on  the  specimens. 

CONCLUSIONS 

The  apparatus  and  technic  used  in  this  study  afford  a  practical  method  for 
the  determination  of  the  coefficient  of  thermal  conductivity  of  the  various 
cements,  liners,  and  temporary  restorations  used  in  dentistry.  In  the  future, 
it  should  be  a  useful  means  of  evaluating  these  materials.  Results  obtained  on 
three  commercial  cements  indicate  that  under  dry  conditions  the  thermal  con¬ 
ductivity  is  slightly  higher  than  for  dentin.  Studies  are  planned  to  deter¬ 
mine  Kt  for  zinc  phosphate  and  other  materials  when  the  powder-liquid  ratio 
is  varied  and  the  moisture  factor  is  included. 
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THE  BEHAVIOR  AND  MEASUREMENT  OF  HYGROSCOPIC 
EXPANSION  OF  DENTAL  CASTING  INVESTMENT 

K.  ASGARZADEH,  M.S.,  D.  B.  MAHLER,  M.S.,  AND  F.  A.  PEYTON,  D.Sc. 

School  of  Dentistry,  University  of  Michigan,  Ann  Arbor,  Mich. 

SINCE  the  discovery  of  the  phenomenon  of  hygroscopic  expansion  of  dental 
casting  investments  when  subjected  to  an  environment  of  water,  there  has 
been  considerable  work  carried  out  to  investigate  its  behavior.  The  ultimate 
goal  is  to  develop  a  technic  based  on  this  property  capable  of  compensating  for 
the  casting  shrinkage  of  dental  gold  alloys.  The  result  of  these  efforts  has 
been  the  establishment  of  two  technics  which  involve  the  introduction  of  water 
to  the  investment  by  a  surrounding  wet  asbestos  liner  or  by  immersion  of  the 
entire  inlay  ring  into  a  water  bath.  Results  obtained  with  these  technics  have 
indicated  that  a  successful  casting  is  dependent  on  an  almost  overwhelming 
number  of  variables. 

Previous  investigators  have  used  various  methods  of  measuring  hygroscopic 
expansion  which  afford  different  results  in  accordance  with  the  restriction  of¬ 
fered  to  the  expansion,  as  well  as  other  less  significant  factors.  Degni,^  Docking 
and  Chong, 2  Landgren  and  Peyton,®  and  Delgado  and  Peyton*  have  summarized, 
commented  on,  and  investigated  these  methods.  The  general  conclusion  is  that 
hygroscopic  expansion  is  affected  by  the  method  of  measurement  and  test  when 
initial  readings  are  made  as  soon  as  possible  after  mix.  When  measured  from 
the  initial  set  time,  the  expansion  values  of  the  various  methods  are  more  closely 
in  agreement  with  each  other.  It  has  been  felt  that  these  latter  values  are  more 
indicative  of  the  actual  enlargement  of  the  mold  cavity,  since  they  are  recorded 
when  the  investment  is  more  rigid  and  can  hold  its  shape.  Accordingly,  the 
term  “effective”  expansion  has  been  applied.  However,  for  lack  of  further, 
more  conclusive,  information,  it  is  difficult  to  accept  a  starting  point  of  such 
arbitrary  nature.  In  addition,  the  methods  for  measurement  of  hygroscopic  ex¬ 
pansion  designed  to  determine  its  compensating  abilities  as  well  as  its  behavior 
as  influenced  by  these  variable  factors  have  been  based  on  linear  changes  as 
measured  in  one  direction.  These  measurements,  as  well,  are  dependent  on 
factors  whose  effects  are  manifest  in  a  significant  variability  of  test  results. 

As  a  result  of  these  difficulties,  a  different  approach  to  the  problem  was 
initiated.  It  was  postulated  that  the  amount  of  water  taken  up  by  the  invest¬ 
ment  might  be  related  to  the  subsequent  expansion,  and  a  procedure  for  adding 
a  measured  or  controlled  quantity  of  water  was  devised.  Furthermore,  since  the 
previous  methods  of  measurement  have  been  based  on  changes  occurring  in  only 
one  direction,  consideration  was  given  to  measuring  the  expansion  in  three 
directions  simultaneously.  It  was  felt  that  this  measure  would  establish  a  more 

These  studies  were  aided  by  a  contract  between  the  Office  of  Navai  Research,  Depart¬ 
ment  of  the  Navy,  and  the  University  of  Michigan  (NRl 80-360). 

Received  for  pubiication,  June  15,  1953. 


519 


520 


ASGARZADEH,  MAHLER,  AND  PEYTON 


J.  D.  Res. 
August,  1954 


comprehensive  value  of  hygroscopic  expansion.  The  two  established  technics  of 
introducing  water  to  the  investment,  based  on  this  three-dimension  procedure  of 
hygroscopic  expansion  measurement,  were  analyzed. 

CONTROLLED  W  ATER  ADDITION 

Originally,  a  measured  quantity  of  water  w'as  added  to  the  investment  to 
establish  a  means  of  controlling  or  eliminating  some  of  the  many  variables  which 
influence  hygroscopic  expansion.  It  was  reasoned  that  if  the  specific  amount  of 
water  available  to  the  investment  determined  the  expansion,  a  controlled  amount, 
added  to  the  investment  at  less  than  the  maximum  capacity  of  the  investment 
to  take  up  water,  would  give  rise  to  an  exact  reproducible  expansion.  This  was 
found  to  be  true. 

It  was  considered  desirable  that  all  mea.surements  be  made  on  the  invest¬ 
ment  held  in  an  inlay  ring  so  as  to  duplicate  the  conditions  of  the  casting  proce¬ 
dure.  To  control  the  amount  of  water  available  to  the  investment,  it  was  neces¬ 
sary  to  dispense  with  a  surrounding  asbestos  liner,  since  some  of  the  added  water 
would  be  absorbed  by  the  asbestos.  However,  if  a  solid  inlay  ring  were  used, 
with  no  liner,  the  expansion  w'ould  be  restricted  in  the  diametric  or  lateral 
direction.  To  resolve  these  difficulties,  a  four-section  ring  was  designed,  per¬ 
mitting  lateral  expansion  with  a  minimum  amount  of  resistance  and  without  an 
asbestos  liner.  This  ring  consists  of  four  sections,  positioned  by  means  of  small 
locating  pins  (Fig.  1).  Tw'o  light  springs  hold  the  assembly  in  place  and  offer 
insignificant  resistance  to  extension. 


Fig.  1. 


Method  of  Memurement. — The  expansion  was  measured  by  determining  the 
dimensional  changes  w'hich  occurred  in  the  axial  or  vertical  direction  of  the 
four-section  inlay  ring,  as  well  as  in  the  lateral  or  diametric  directions.  The 
axial  expansion  was  measured  by  a  cathetometer,  wdiich  recorded  the  movement 
of  a  fine  wdre  placed  on  top  of  the  investment,  similarly  to  the  method  described 
by  Docking.*  The  lateral  expansion  was  measured  by  photographing  the  be¬ 
fore  and  after  positions  of  four  eros.sed  marks  painted  on  the  four  sections  of 
the  ring,  diametrically  opposed  and  positioned  at  ninety  degrees  with  respect 
to  each  other.  The  negatives  (microfilm  used  becau.se  of  its  fine  grain  size) 
were  then  measured  using  a  comparator  microscope.  The  fine  wire  can  be  seen 
in  Fig.  1.  Fig.  2  shows  a  print  made  from  a  sample  negative  used  for  measuring 
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lateral  expansion.  In  this  manner,  initial  and  final  readings  of  axial  and  lateral 
expansion  could  be  made  simultaneously.  These  values  were  combined  to  yield 
“volumetric  hygroscopic  expansion.”  This  consists  of  the  addition  of  one  axial 
measurement  and  two  lateral  measurements.  The  accuracy  of  measurement  was 
±  0.02  per  cent  in  the  axial  direction  and  ±  0.08  per  cent  in  the  lateral  direction. 

Since  it  has  not  been  definitely  e.stablished  when  the  mold  cavity  expe¬ 
riences  enlargement,  it  was  decided  to  measure  the  expansion  from  the  time 
that  the  external  dimensions  of  the  investment  began  to  increase.  This  was 
accomplished  by  recording  fiducial  readings  at  the  time  when  the  fine  wire  began 
to  move  upward.  The  results  of  preliminary  tests  indicated  that  this  point 
corresponded  to  an  opening  of  the  four-section  ring,  so  that  a  photograph  of 
the  lateral  cross-marks  was  taken  at  the  same  time.  Thus,  the  expansion  values 
as  reported  in  this  paper  can  be  summarized  as  representing  changes  in  the 
outer  dimensions  of  the  investment  mass  w  hen  confined  by  an  easily  expansible 
inlay  ring. 


Fig.  2. 


Method  of  Test. — The  water  ipowder  ratio  of  mix  was  controlled  by  care¬ 
fully  weighing  the^  investment  and  adding  it  to  the  mixing  bowl,  into  which  had 
been  placed  an  amount  of  water  measured  by  use  of  a- burette.  The  mix  was 
mechanically  spatulated  at  a  constant  rate  after  having  l)een  hand  spatulated 
for  ten  seconds.  The  particular  investment  used  for  all  tests  in  this  study  wras 
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Ransom  and  Randolph  Hygroscopic  Investment.  After  the  mixed  investment 
was  placed  into  the  four-section  ring,  specific  quantities  of  water  were  added 
using  a  hypodermic  syringe  having  an  accuracy  of  0.05  c.c.  This  water  was 
added  to  the  top  of  the  investment  in  the  ring,  three  minutes  after  the  start 
of  the  mix.  The  time  of  three  minutes  was  chosen  since  an  early  water  addi¬ 
tion  was  found  to  be  desirable  for  maximum  expansion,  and  all  manipulative 
procedures  could  be  accomplished  within  this  time  interval.  As  soon  as  the 
fine  wire  placed  on  top  of  the  investment  began  to  rise,  an  initial  reading  of 
expansion  was  recorded,  and  at  thirty  minutes  a  final  reading  was  recorded. 
This  final  point  for  measurement  was  chosen  since  little  expansion  occurs  after 
thirty  minutes. 


X  VOLUMETRIC  EXPANSION  VS.  WATER  ADDED 


Fig.  3. 


Results  and  Discussion. — In  Figs.  3,  4,  and  5  are  shown  the  relationship 
between  volumetric  hygroscopic  expansion  at  thirty  minutes  after  mix  and  the 
specific  quantity  of  water  added  to  the  investment  for  water  :powder  ratios  of 
28:100,  30:100,  and  36:100.  These  ratios  represent  a  thick  mix,  average  mix, 
and  thin  mix,  respectively,  for  the  investment  studied.  The  percentage  of 
water  added  is  based  on  the  initial  volume  of  the  investment  mass. 

There  appears  to  be  a  critical  point  to  these  curves  beyond  which  further 
water  addition  results  in  a  decrease  in  the  expansion.  This  inhibiting  situation 
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may  prove  to  be  of  importance  in  the  analysis  of  the  basic  mechanism  of  hygro¬ 
scopic  expansion.  Its  physical  significance  is  that  for  a  given  set  of  conditions, 
the  capacity  of  the  investment  to  pick  up  water  and  subsequently  expand  is 
limited.  In  using  a  technic  based  on  controlled  water  addition,  it  would  be 
wise  to  operate  below  this  critical  point  where  a  direct  proportionality  exists 
between  expansion  and  water  added.  For  the  36:100  mix,  the  critical  points 
were  too  difficult  to  establish  due  to  loss  of  added  water  from  the  bottom  of  the 
inlay  ring. 

X  VOLUMETRIC  EXPANSION  VS.  WATER  AOOEO 


Fig.  4. 

Changing  the  number  of  spatulations  is  shown  to  affect  only  the  position 
of  the  critical  point  for  the  water  ipowder  ratio  of  30 :100.  An  increase  in  the 
number  of  spatulations  elevates  the  critical  point  or  increases  the  capability  of 
the  investment  to  pick  up  water  and  expand.  However,  the  curves  for  the  two 
indicated  spatulation  conditions  are  synonymous  below  the  lower  critical  point. 
This  is  also  true  for  a  water  :powder  ratio  of  36:100,  but  deviates  slightly  when 
a  water  :powder  ratio  of  28:100  is  used. 

Although  the  number  of  spatulations  was  varied,  the  rate  of  spatulation 
was  kept  constant  for  the  plotted  results.  Some  preliminary  work  carried  out 
on  the  effect  of  rate  of  spatulation  indicated  that  an  increase  in  rate  would 
lower  the  critical  point  markedly.  This  may  be  due  to  the  increase  in  rate  of 
setting  which  decreases  the  time  interval  over  which  the  hygroscopic  expansion 
can  effectively  take  place. 
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In  Fig.  6  is  shown  the  effect  of  varying  the  water  :powder  ratio  for  a  spat- 
ulation  condition  of  100  turns.  The  30 :100  ratio  and  the  36 :100  ratio  are  very 
similar,  while  the  28 :100  ratio  has  a  slightly  different  slope  and  a  different  inter¬ 
cept  on  the  expansion  axes.  Furthermore,  these  curves  are  drawn  to  the  critical 
point,  and  the  effect  of  decreasing  the  water  ipowder  ratio  is  to  advance  the 
critical  point,  or  increase  the  capacity  of  the  investment  mix  to  pick  up  water 
and  expand.  The  significance  of  these  curves  is  that  for  water  :powder  ratios 
of  30 :100  and  greater,  the  same  expansion  may  be  expected  if  the  water  added 
is  kept  below  the  critical  points.  This  was  also  observed,  in  part,  by  Landgren 
and  Peyton®  when  using  Ransom  and  Randolph  Hygroscopic  Investment. 

%  VOLUMETRIC  EXPANSION  VS.  WATER  ADDED 


Fig.  5. 

There  has  been  some  evidence  to  indicate  that  different  batches  of  invest¬ 
ment  and  investment  which  has  been  on  hand  over  extended  periods  of  time 
exhibit  different  values  of  hygroscopic  expansion  when  the  two  established  tech¬ 
nics  are  used.  To  investigate  the  influence  of  these  variables  on  the  controlled 
water  addition  procedure,  test  runs  were  made  using  six  different  batch  num¬ 
bers  and  also  on  a  batch  of  investment  which  had  been  stored  at  laboratory  con¬ 
ditions  after  having  been  used  two  years  previously.  As  long  as  the  water  added 
was  kept  below  the  critical  points  for  these  conditions,  the  data  did  not  deviate 
from  the  established  proportionality.  The  position  of  the  critical  points  varied, 
however,  and  was  extremely  low  for  the  aged  investment. 
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ANALYSIS  OF  HYGROSCOPIC  TECHNICS  I’SING  THE  VOLl’METRIC  MEASUREMENT 

PRINCIPLE 

The  criteria  for  a  successful  technic  of  gold  inlay  casting  must  include  not 
only  adequate  compensation  for  casting  shrinkage,  but  also  reproducibility 
within  desired  practical  limits  of  accuracy.  However,  some  basis  for  judgment 
must  be  set  forth  since  the  necessary  accuracy  of  an  inlay  fit  has  never  been 
quantitatively  defined.  It  appears  that  a  difference  of  fit  of  0.2  per  cent  linearly 
can  be  detected  when  the  restoration  is  placed  into  the  cavity  preparation.  For 
lack  of  any  other  criteria,  this  accuracy  was  chosen  as  the  basis  for  analysis 
of  the  technics  under  discussion.  It  should  be  emphasized,  however,  that  the 
recorded  measurements  represent  changes  of  the  outer  dimensions  of  the  invest¬ 
ment  mass  rather  than  the  actual  changes  in  the  mold  cavity.  Conclusions  drawn 
as  to  the  practical  significance  of  these  measurements  should  be  moderated  by 
the  knowledge  of  this  test  condition. 


X  VOLUMETRIC  EXPANSION  VS.  WATER  ADDED 


Fig.  6. 

The  methods  of  measurement  and  test  were  similar  to  those  used  for  the 
controlled  water  addition  technic.  The  lateral  measurements,  however,  were 
achieved  by  observing  the  movements  of  four  posts  imbedded  into  the  invest¬ 
ment  and  having  cro.ssed  marks  painted  on  the  ends.  The  reason  for  this 
modification  was  to  allow  for  the  taking  of  lateral  measurements  in  a  solid 
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ring.  In  Fig.  7  is  shown  a  print  made  from  a  sample  negative  which  was 
taken  in  the  same  manner  as  previously  described.  The  diametric  distances 
between  the  posts  were  measured,  as  before,  using  a  comparator  microscope. 

The  technics  of  the  saturated  asbestos  liner  alone  and  the  complete  water 
immersion  were  investigated.  In  addition,  the  results  of  the  controlled  water 
addition  technic  were  also  included  for  comparative  purposes. 


FIk.  7. 

Hesults  and  Discussion. — In  Tables  I,  II,  and  III  are  shown  the  results  of 
nine  test  runs  made  at  constant  conditions  for  the  three  teclmics  studied.  These 
conditions  included  a  W  ratio  of  30 :100  and  a  mechanical  spatulation  con¬ 
dition  of  100  turns.  The  variation  between  the  runs  for  each  individual  technic 
is  clearly  shown,  and  to  illustrate  the  discrepancies  still  further,  average  devia¬ 
tions  and  maximum  deviations  (without  regard  to  sign)  were  calculated  and 
are  summarized  in  Table  IV’'.  These  indices  are  indicative  of  the  reproducibility 
of  the  three  technics.  Furthermore,  the  average  and  maximum  differences 
(without  regard  to  sign)  between  the  two  lateral  expansion  values  and  the 
axial  and  average  lateral  expansion  values  were  calculated.  These  factors  are 
indicative  of  the  isometric  nature  of  the  expansion  when  using  these  technics. 
To  evaluate  the  significance  of  this  analysis,  the  practical  accuracy  of  inlay  fit 
is  also  included  in  Table  1\\  It  is  of  utmost  importance  to  state  that  no  test 
runs  were  discarded. 
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It  is  apparent  that  the  reproducibility  and  isometric  nature  of  the  wet 
asbestos  liner  and  complete  immersion  technics  leave  much  to  be  desired  as  far 
as  accurate  compensation  is  concerned,  while  the  controlled  water  addition 
procedure  appears  to  have  some  merit  in  this  respect.  As  an  example  of  repro¬ 
ducibility,  attention  is  drawn  to  tbe  maximum  deviation  of  the  lateral  expan¬ 
sion  values.  For  the  wet  asbestos  liner,  complete  immersion,  and  controlled 
water  addition,  tbe  maximum  deviations  are  0.63  per  cent,  0.62  per  cent,  and 
0.11  per  cent,  respectively,  while  the  accuracy  desired  is  0.20  per  cent.  The 
other  results  in  Table  IV  reaffirm  these  comparisons. 

On  the  basis  of  the  results  of  the  controlled  water  addition  tests,  these 
results  could  have  been  anticipated.  Examination  of  Fig.  5  indicates  that  a 
change  of  0.2  per  cent  linear  expansion  or  0.6  per  cent  volumetric  expansion 
(assumed  practical  limits)  will  require  a  change  of  water  addition  of  about 
0.5  per  cent  or,  on  the  basis  of  an  initial  volume  of  27  c.e.  of  investment,  approxi¬ 
mately  0.15  c.c.  of  water.  This,  in  turn,  is  about  three  drops  of  water  from 
an  average  medicine  dropper.  In  order  to  yield  the  practical  accuracy  stated, 
the  amount  of  water  incorporated  in  the  asbestos  liner  for  the  wet  asbestos  liner 
technic  would  have  to  be  reproducible  within  three  drops.  There  is  a  reasonable 
doubt  as  to  whether  this  can  be  accomplished. 

Since  the  complete  immersion  technic  produces  an  environment  of  an  un¬ 
limited  supply  of  water,  the  points  representing  this  technic  would  be  past  the 
critical  point  at  the  extreme  end  of  the  curve  illustrated  in  Fig.  5.  It  has  been 
shown  that  both  the  critical  point  and  the  curve  beyond  the  critical  point  are 
affected  by  almost  every  conceivable  variable.  Consequently,  this  technic  could 
not  be  expected  to  be  successfully  reproducible. 

It  should  be  restated  that  these  measurements  indicate  changes  in  the  ex¬ 
ternal  dimensions  of  the  investment  mass,  rather  than  the  actual  changes  in 
the  mold  cavity.  Some  w’ork  directed  toward  the  accuracy  of  the  casting  pro¬ 
cedure  by  measuring  the  difference  betw’ecn  the  wax  pattern  and  the  subse¬ 
quent  casting  bas  established  the  practical  significance  of  these  results. 

SUMMARY 

The  results  of  the  controlled  w'ater  addition  experiment  can  be  summarized 
as  follow's: 

1.  The  hygroscopic  expansion  is  directly  related  to  the  specific  amount  of 
water  picked  up  by  the  investment. 

2.  Ilygroscopically  expanding  investments  have  limiting  capacities  to  pick 
up  water  and  expand.  This  limit  has  been  called  the  critical  point  and  is  af¬ 
fected  by  w’ater  ipowder  ratio,  manipulative  procedures,  and  the  condition  of  the 
investment.  Other  variables  which  may  affect  the  critical  point,  but  which  were 
not  specifically  investigated  at  this  time,  include  setting  time  and  the  nature  of 
the  investment. 

3.  Although  variations  in  spatulation,  water  :pow'der  ratio,  batch  number, 
and  age  do  not  significantly  affect  the  value  of  the  expansion  below  the  critical 
points  established  for  these  variables,  a  slight  deviation  exists  for  thick  mixes. 


Tabi.e  I 

HvoRosoonr  Expansion  (Per  Cent)  (Wet  Asbestos  Liner — Soud  Ring) 
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■Wet  asbestos  liner — solid  rinK. 
-Complete  immersion — soiid  ring. 
Controlled  water  addition — spilt  ring. 
-Practical  accuracy  desired  of  inlay  fit. 
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The  three  technics  of  wet  asbestos  liner,  complete  immersion,  and  controlled 
water  addition  were  investigated  with  respect  to  the  reproducibility  and  isometric 
nature  of  their  hygroscopic  expansions.  The  results  of  this  analysis  indicate 
that  accurate  compensation  by  the  established  technics  is  an  elusive  entity  and 
that  a  method  of  controlled  water  addition  may  ser\e  as  a  basis  for  resolving 
this  difficulty. 
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EFFECT  OF  METHYLCHOLANTHRENE  ON  TOOTH  GERM 
TRANSPLANTS:  ADDITIONAL  STUDIES 

HAROLD  S.  FLEMING,  D.M.D. 

From  th(  Department  of  Pathology,  Tale  University  School  of  Medicine,  New  Haven,  Conn. 

INTRODUCTION 

A  PREVIOUS  investip:ation  showed  alteration  in  the  development  of  tooth 
Pferms  synchronously  transplanted  with  methylcholanthreneJ  It  was  felt 
that  further  changes  in  the  transplanted  tooth  germs  might  take  place  if  the 
animals  were  held  for  longer  periods,  before  sacrificing,  than  those  used  in  the 
previous  experiments.  It  was  also  felt  that  certain  stains  might  better  demon¬ 
strate  the  effect  of  methylcholanthrene  on  tooth  germ  transplants.  It  is  the 
purpose  of  this  paper  to  present  these  findings. 

MATERIALS  AND  METHODS 

The  sites  used  and  the  technics  of  transplantation  have  previously  been  re¬ 
ported.*-  ^  Transplants  were  allowed  to  remain  in  place  for  at  least  ninety  days 
and  sometimes  up  to  one  year  for  this  phase  of  the  methylcholanthrene  experi¬ 
ments  with  tooth  germs.  Animals  expiring  during  these  periods  were  always 
autopsied  to  determine  the  cause  of  death.  Animals  were  sacrificed  intermit¬ 
tently,  and  transplanted  tissues  were  recovered.  All  recovered  transplanted 
tooth  germs  were  formalin  fixed  and  decalcified  before  sectioning. and  staining. 
Sections  were  usually  cut  at  5  /x  and  were  usually  stained  with  hematoxylin  and 
eosin.  In  addition,  Masson’s  trichrome  connective  tissue  stain  and  Barnett  and 
Seligman’s^  histochemical  stain  for  protein-bound  sulfhydryl  were  occasionally 
employed. 

One-half  of  the  tooth  germ  transplants  in  each  group  were  impregnated 
with  methylcholanthrene  just  before  transplantation,  and  the  remainder  served 
as  controls.  Four  groups  of  guinea  pigs,  each  containing  from  sixteen  to  twenty 
animals,  received  brain  transplants  of  guinea  pig  tooth  germs.  Four  additional 
groups  of  guinea  pigs,  also  consisting  of  sixteen  to  twenty  animals,  received 
anterior  chamber  transplants  of  guinea  pig  tooth  germs.  Dba  mice  in  five 
groups  of  twenty  each  received  axillary  transplants  of  dba  tooth  germs.  Tooth 
germs  were  obtained  from  guinea  pig  embryos  of  approximately  25  days  of  age 
and  from  dba  mice  embryos  of  12  to  14  days  of  age.  The  tooth  germs  used  in 
the  present  experiments  are  similar  to  those  used  in  the  previous  methyl¬ 
cholanthrene  experiments.^  Usually  animals  were  separated  as  to  sex,  but  some¬ 
times  mixed  groups  were  used. 

Grossly,  tooth  germs  transplanted  with  methylcholanthrene  attained  and 
maintained  a  larger  size  than  did  the  transplants  serving  as  controls.  !Micro- 
scopically,  this  difference  in  size  appeared  to  be  the  result  of  the  keratin-like 

This  investigation  was  supported  by  a  research  grant  from  the  National  Institute  of 
Dental  Research,  of  the  National  Institutes  of  Health,  Public  Health  Service. 
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substance  associated  with  tooth  ^erm  transplants  when  they  had  been  treated 
with  methylcholanthrene.  After  certain  periods  of  g:rowth  there  was  also  a 
difference  between  the  size  of  transplanted  methylcholanthrene-treated  tooth 
germs  in  lactating  female  and  in  male  mice.  These  results,  representing  trans¬ 
plants  recovered  after  165  days,  as  shown  in  Fig.  1,  were  consistently  observed. 

The  histologic  sections  shown  illustrate  the  main  points  related  to  the  effect 
of  methylcholanthrene  on  transplanted  tooth  germs  over  the  periods  represented 
in  the  present  study.  Kidneys,  hearts,  and  lungs  from  autopsied  animals  which 
died  or  were  sacrificed  during  the  course  of  the  exi)eriments  did  not  reveal 
metastasis  of  cells  from  the  primary  site  in  cases  where  methylcholanthrene- 
treated  tissues  were  transferred. 


Kiff.  1. — Transplants  of  methylcholanthrene-treated  dba  tooth  germs  after  165  days  in  the 
axillae  of  dba  (Bar  Harbor)  mice.  Upper  row  from  females  that  had  several  litters  during 
the  experiment.  Lower  from  males. 

Fig.  2A  shows  a  cross  section  of  a  brain  transplant  of  a  tooth  germ  that 
had  been  treated  with  methylcholanthrene.  It  w’as  allow’ed  to  remain  in  place 
in  a  male  guinea  pig  for  155  days.  Surrounding  the  transplant  are  masses  of 
red  blood  cells,  and  the  peripheral  ves.sels  also  contain  red  blood  cells.  The 
outer  border  of  the  transplant  consists  of  concentric  layers  of  epithelial  cells 
which  lose  this  arrangement  toward  the  center,  where  many  of  these  cells  ap¬ 
parently  have  recently  formed  a  keratin-like  material.  Some  of  this  keratin¬ 
like  formation  stains  like,  and  histologically  appears  to  he,  poorly  calcified  enamel 
prisms.  In  places  along  the  transplant’s  periphery'  (Fig.  2/0,  epithelial  cells 
show’  a  marked  hyperehromaticity  and  variations  in  size.  Some  of  these  cells 
are  undergoing  mitotic  division. 

Fig.  3  shows  a  methylcholanthrene-treated  tooth  germ  transplant  after  one 
year  in  the  anterior  eye  chamber  of  a  male  guinea  pig.  Surrounding  what 
remains  of  the  transplant,  which  can  he  followed  in  outline,  are  keratinous 
formations.  The  epithelium  surrounding  the  entire  transplant  is  stratified,  and 
additional  strands  of  keratin-like  material  appear  to  lie  fonning  along  its  inner 
border.  A  focal  infiltration  of  small  round  cells  is  seen  near  the  attachment  of 
this  transplant  to  the  iris.  Va.scularity  of  the  transplant  has  been  maintained, 
as  is  shown  by  the  number  of  ve.ssels  containing  red  blood  cells  in  the  region 
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Fig.  2A. — Transplant  of  methylcholanthrene-treated  tooth  gemis  after  155  days  In  a 
male  guinea  pig’s  brain.  Br.,  Brain;  B.V.,  blood  vessel;  Ep.C.,  epithelial  cell;  E.R.,  enamel 
rods;  K.,  keratin;  Mi.,  mitosis;  R.B.C.,  red  bloo<l  cells.  (XllA;  reduced  14) 

Pig.  2B. — Higher  magniflcation  of  Fig.  2A  in  lower  left  center  at  Mi.  Br.,  Brain;  Ep.C., 
epithelial  cell;  Mi.,  mitosis.  (X700;  reduced  Vfc) 

Fig.  3. — Transplant  of  methylcholanthrene-treated  tooth  germ  after  one  year  in  the 
anterior  eye  chamber  of  a  male  guinea  pig.  B.V..  Blood  vessel;  C.,  cornea;  Ep.,  epithelium; 
I.,  iris;  K.,  keratin;  Lj/.,  lymphocytes;  Tap.,  transplant.  (X31;  reduced  14) 

Fig.  4. — Methylcholanthrene-treated  tooth  germ  transplant  after  160  days  in  the  brain  of 
a  male  guinea  pig.  B.,  Bone;  Br.,  brain;  B.V.,  blood  vessel;  Ep.C.,  epithelial  cells;  K.,  kera¬ 
tin.  Original  magniflcation  X46. 
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of  attachment.  This  well  illustrates  the  relationship  of  transplants  to  the  hosts. 
Axillary  transplants  of  tooth  germs  with  methyleholanthrene  in  mice  gave  a 
similar  picture,  except,  as  is  shown  in  Fig.  1,  some  were  able  to  attain  a  much 
larger  size. 

Fig.  4  shows  a  methyleholanthrene-treated  tooth  germ  in  the  brain  of  a  male 
guinea  pig  after  160  days.  Epithelial  cells  associated  with  keratinous  formations 
are  seen,  but  remnants  of  transplanted  tooth  structures  are  not  evident.  In 
one  area,  a  focal  infiltration  of  lymphocytes  or  small  round  cells  is  observed. 

In  Fig.  5  results  of  Masson  stain  are  shown  in  the  same  area  as  that  shown 
in  Fig.  4.  This  staining  reaction  indicates  that  the  keratinous  material  is  not 
of  connective  tissue  origin,  and  it  should  not  be  confused  with  the  collagen  fibers 
that  often  are  present  in  the  pulpal  areas  of  tooth  germ  transplants.®  This 
staining  reaction  is  consistent  with  tooth  germ  transplants  that  have  been 
methyleholanthrene  treated.  It  also  reinforces  the  impression  that  the  effect  of 
methyleholanthrene  is  greate.st  on  the  epithelial  cells  associated  with  tooth  germs. 

Fig.  6  illustrates  the  same  area  stained  in  the  Barnett-Seligman^  manner 
for  sulfhydryl  groups.  Reaction  to  the  sulfhydryl  reagent  is  similar  to  that  of 
keratin,  as  it  does  not  give  a  positive  reaction  unless  previously  treated  with 
potassium  metabisulfite.  This  positive  reaction  for  sulfhydryl  groups  (which 
in  color  is  a  purplish  pink)  was  similarly  obtained  in  other  instances  where 
methyleholanthrene-treated  tooth  germs  had  been  transplanted. 

Fig.  7  shows  a  higher  magnification  of  the  periphery  of  the  transplant  in 
an  area  where  several  cells  in  various  stages  of  mitosis  w'ere  observed.  Other 
epithelial  cells  in  this  area  appear  hyperchromatic,  and  vary  greatly  in  size. 

Fig.  8  depicts  a  control  transplant  from  the  brain  of  a  male  guinea  pig 
after  135  days.  There  are  no  keratin  formations  associated  wdth  the  formation 
of  this  transplant  as  have  been  observed  in  those  treated  with  methyleholanthrene. 

About  one-fourth  of  the  animals  (guinea  pigs)  bearing  brain  and  anterior 
chamber  tran-splants  did  not  present  remains  of  the  tooth  germs  transplanted. 
In  brain  transplants,  mas.ses  of  red  blood  cells  were  often  observed  in  the  area 
that  had  probably  held  the  methyleholanthrene-treated  transfer.  In  the  anterior 
chamber,  transplants  so  treated  occasionally  resorbed  and  show’ed  nothing  or  a 
slight  amount  of  sear  tissue.  Methyleholanthrene-treated  tooth  germ  trans¬ 
plants,  however,  seemed  to  have  a  much  higher  rate  of  persistence  in  axillary 
transplants  in  mice,  for  very  few  animals  failed  to  maintain  these  transfers. 
Persistence  of  epithelial  remnants  of  the  original  transplanted  tissue  and  not 
of  the  calcified  components  of  tooth  structures  was  more  evident  in  the  presence 
of  methyleholanthrene  than  in  its  absence. 

DISCUSSION 

The  results  of  the  experiments  reported  are  confirmatory  and  extend  previ¬ 
ous  observations  relating  to  the  effect  of  this  carcinogenic  hydrocarbon  on  trans¬ 
planted  tooth  germs.  Chase’s®  observations  showed  that  Nasmyth’s  membrane 
was  formed  of  an  inner  fused  layer  arising  from  modified  cuticular  borders  of 
ameloblasts,  and  an  outer  layer  arising  from  the  outer  enamel  epithelium  of 


Fig.  5. — Same  area  as  in  Fig.  4  with  Masson  stain.  Br.,  Brain;  B.V.,  blood  vessel;  Ep.C., 
epithelial  cells;  Mi.,  mitosis.  (X135;  reduced  V4-) 

Fig.  ft. — Same  area  as  Figs.  4  and  5  stained  in  the  Barnett-Seligman  manner.  Br., 
Brain;  K.,  keratin.  (X45;  reduced  %.) 

Fig.  7. — Left  border  of  Fig.  4  showing  ndtotic  figures.  Ep.C.,  Bpithelial  cells;  Mi., 
mitosis.  (xl.OfiO;  reduced  Mi-) 

Fig.  8. — Tooth  germ  brain  transplant  after  135  days  in  male  guinea  pig’s  brain.  Br., 
Brain;  E.,  epithelium;  D.,  dentin;  Od.,  osteodentin.  (X45;  reduced  Mi-) 


536 


FLEMING 


J.  D.  Res. 
August,  1954 


the  tooth  germ.  This  membrane,  as  Orban®  has  stated,  forms  a  thin  continu¬ 
ous  layer  over  the  tooth  surface  after  the  enamel  is  formed  and  is  known  as 
a  seleroprotein  or  keratin,  which  is  capable  of  attaining  a  degree  of  calcification. 
Chase*  further  observed  that  the  structure  separating  the  enamel  prisms  differs 
from  the  prism  substance  chemically,  structurally,  and  histologically.  In  pre¬ 
vious  experiments  it  was  observed  that  this  interprismatic  substance  was  very 
elastic  and  also  became  keratinous  in  the  presence  of  methyleholanthrene.^ 
Under  conditions  of  the  present  and  of  the  former  experiments  with  methyl- 
cholanthrene  and  tooth  germs,  it  w’as  frequently  observed  that  as  keratinous 
structures  were  formed,  from  the  cuticular  borders  of  the  ameloblasts,  the  intra- 
prismatic  substance  was  lost.  In  the  previous  experiments,  when  methylcholan- 
threne  had  been  used,  globular  deposits  of  this  ameloblastic  intraprismatic  sub¬ 
stance  were  observed  near  or  partly  within  ameloblasts  vrhose  cell  borders  ap¬ 
peared  to  be  forming  keratin.^  Over  longer  periods  of  the  present  experiments 
no  such  formations  were  observed,  and  it  is  probable  that  this  material  may  have 
been  resorbed,  leaving  only  the  wavy,  parallel  keratinous  cell  membranes  of 
the  ameloblasts.  Comparison  with  control  sections  also  showed  that  there  was 
less  calcified  enamel  and  dentin  surviving  in  the  transplant  over  these  longer 
periods. 

Various  stains  used  in  the  present  study  indicated  several  things.  The 
Masson  staining  reaction  showed  that  most  of  the  tissues  surviving  over  these 
longer  periods  were  of  epithelial  origin.  This  was  not  true  of  the  untreated 
transplants  that  were  allowed  to  remain  in  place  for  similar  periods.  In  trans¬ 
plants  of  tooth  germs  it  has  been  observed  that  collagen  bundles  ordinarily 
appear  in  the  pulpal  areas  of  tooth  getm  transplants  that  have  been  established 
for  some  time.®  The  Barnett  and  Seligman^  stain  showed  the  presence  of 
sulfhydryl  groups  of  protein  in  material  which  has  been  designated  keratin. 
This  was  further  confirmed  in  these  areas  by  the  negative  reaction  of  this  sub¬ 
stance  with  this  test  when  the  tissue  sections  were  first  oxidized  with  H2O2. 

An  early  effect  of  methycholanthrene  on  cells  of  the  stratum  intermedium 
and  the  outer  enamel  epithelium  was  that  these  cells  appeared  to  wander  from 
the  main  part  of  the  transplant  when  the  ameloblasts  underwent  degenerative 
changes.  It  has  been  observed  that  the  majority  of  methylcholanthrene  activity 
remains  at  the  injection  site.®  Thus,  over  the  periods  of  the  present  experi¬ 
ments  it  would  appear  that  those  epithelial  cells  remaining  with  the  transplant 
should  continue  to  be  affected  by  the  methylcholanthrene.  Boyle®  also  pointed 
out  that  the  cells  that  might  attain  a  degree  of  malignancy  appeared  to  be  those 
epithelial  cells  lying  near  the  transplant.  This  may  explain  the  continued  latent 
effect  of  this  hydrocarbon,  as  observed  in  the  present  instance.  In  these  areas, 
which  were  generally  located  in  the  transplants’  periphery,  there  seemed  to  be 
a  moderate  amount  of  hyperplasia  of  epithelial  cells  that  also  showed  pleo- 
morphism  and  hyperchromaticity.  Some  of  these  cells  were  also  in  various 
stages  of  mitosis.  Because  the  remains  of  the  transplants  did  not  appear  to  be 
invading  adjacent  tissues,  at  least  during  the  present  experiments,  such  trans- 
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plants  cannot  be  said  to  have  become  malignant  as  a  result  of  the  presence  of 
methylcholanthrene.  Those  cells  which  appear  to  have  gradually  attained  some 
of  these  criteria  seem  to  be  the  persisting  cells  of  the  outer  enamel  epithelium. 


SUMMARY 

1.  The  present  experiments  extend  and  confirm  previous  observations. 

2.  There  appeared  to  be  less  calcified  enamel  and  dentin  surviving  over 
longer  periods  in  the  present  experiments  with  methylcholanthrene-treated  trans¬ 
plants. 

3.  Reactions  with  Masson  stain  showed  that  mostly  epithelial  tissues  sur¬ 
vived  over  periods  of  the  experiment  in  methylcholanthrene-treated  transplants. 

4.  Other  staining  reactions  also  demonstrated  the  presence  of  keratin. 

5.  Cells  of  the  outer  enamel  epithelium  that  have  persisted  seemed  to  have 
attained  some  of  the  criteria  for  malignancy  in  instances  where  the  transplant 
had  been  impregnated  with  methylcholanthrene,  but  the  transplants  did  not 
become  malignant. 

I  am  indebted  to  Henry  Bunting,  ai<ao<‘iate  professor  of  pathology,  for  suggestions  and 
assistance  in  the  histochemical  stains  used  in  this  study. 
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THE  EFFECTS  OF  SEVERAL  FLUORIDE  REAGENTS  ON  THE 
STRUCTURE  OF  WHOLE  TEETH 

ROBERT  B.  FISCHER,  H.  NEIL  ELSHEIMER,*  AND  J.  C.  MUHLER 
Department  of  Chemistry,  Indiana  University,  Bloomington,  Ind. 

Studies  of  the  effects  of  several  fluoride  reagents  on  the  surface  structure 
of  powdered  dental  enamel  have  been  reported.'’  *  Both  x-ray  and  electron 
diffraction  technics  were  employed,  and  emphasis  was  placed  on  any  gross 
changes  from  the  normal  apatite  structure  to  a  eompletely  different  structure. 

It  w’as  found  that  a  change  from  apatite  to  calcium  fluoride  develops  after  treat¬ 
ment  with  some  of  the  fluoride  reagents.  In  the  present  study,  x-ray  diffraction 
patterns  were  obtained  of  whole  teeth  following  various  fluoride  treatments  for 
comparison  with  the  results  reported  earlier  using  powdered  enamel.  The  pres¬ 
ent  study  is  intended  to  supplement  the  powdered  enamel  studies  and,  there¬ 
fore,  it  is  not  exhaustive  in  itself.  It  must  be  noted  that  gross  changes  from 
an  apatite  structure  to  an  entirely  different  structure  are  reported  herein,  and 
that  changes,  if  any,  within  the  apatite  series  of  structures  are  not  discussed  in 
the  present  communication. 

KXPKRIMENTAL  METHODS 

All  X-ray  i)atterns  were  obtained  photographically  with  copper  K  a  radia¬ 
tion  from  a  Hayes  diffraction  unit.  Both  flat-film  and  circular-film  cameras 
were  employed.  In  each  case,  the  whole  tooth  was  placed  in  such  a  position 
that  it  intercepted  almut  one-half  of  the  collimated  beam  of  x-rays.  For  flat- 
film  work,  a  specimen  to  film  distance  of  3  cm.  was  employed,  while  for  circular- 
film  work,  the  tooth  was  centered  in  a  camera  of  7  cm.  radius.  With  these  ex¬ 
perimental  arrangements,  only  one-half  of  the  complete  pattern  was  obtained. 
However,  it  was  readily  possible  to  make  measurements  on  the  patterns  through 
geometric  location  of  the  center  spot  and  through  location  of  certain  lines  as  refer¬ 
ences  upon  the  patterns.  The  circular  camera  recpiired  longer  exposures  and 
yielded  i)atterns  which  could  be  measured  more  readily  and  more  accurately  than 
did  the  flat -film  camera;  both  distinctions  are  due  to  the  difference  in  specimen  to 
film  distance,  how(*ver.  Typical  patterns  obtained  by  both  technics  are  shown 
in  Fig.  1. 

It  was  found  that  all  patterns  could  l)e  identified,  with  reference  to  the 
standard  file  of  reference  data,'  as  apatite  or  as  apatite  plus  calcium  fluoride. 
In  order  to  make  the  identifications  at  lea.st  semicpiantitative,  visual  estimates  of 
relative  intensities  were  made  for  the  following  pail’s  of  lines: 

h’lat  film — CaFa,  <1  =  3.16,  compared  to  apatite,  d  =  2.7i>; 

UaFa,  (1  =  1.93,  compared  to  apatite,  d  =  1.84; 
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Circular  film — CaFj,  d  =  3.16,  compared  to  apatite,  d  =  2.79; 

CaFz,  d  =  1.93,  compared  to  apatite,  d  =  1.84; 

CaF2,  d  =  1.65,  compared  to  apatite,  d  =  1.84. 

Tlie  lines  of  each  pair  were  close  enough  together  that  the  background  should 

be  approximately  constant  within  a  pair.  All  of  these  lines  are  prominent  ones 


X-RAY  DIFFRACTION  PATTERNS 

on 

WHOLE  TOOTH  ENAMEL 

a 

FORWARD  REFLECTION  CAMERA 


a.  Unfrtoted  tooth  tnomol 


.  b.  Enomtl  trtotod  for  45  min.  In  2%  HF. 


o.  Untreotod  polished  tooth  enamel.  j 

b.  Enomel  treoted  for  90  min.  in  2X  NoF-pH4.0  | 

! 

POWDER  CAMERA 


FIk.  1. 


540 


FISCHER,  ELSHEIMER,  AND  MUHLER 


J.  D.  Rtt. 
August,  1954 


for  the  two  structures.  Relative  intensities  as  listed®  for  the  two  substances 
were  considered  in  making  semiciuantitative  estimates  of  the  relative  abundances 
of  apatite  and  of  calcium  fluoride  in  each  specimen. 

A  wide  variety  of  conditions  was  employed  in  the  several  experiments  of  the 
present  series.  Although  the  starting  batch  represents  many  individual  teeth  in 
powdered  enamel  studies,  no  such  averaging  influence  is  conveniently  possible  in 
experiments  with  whole  teeth.  Therefore,  several  types  of  teeth  were  chosen 
for  use  in  the  several  experiments.  In  all,  fifteen  teeth  were  treated  with 
fluoride  reagents.  Several  times  during  the  treatments,  the  teeth  were  removed, 
washed,  and  subjected  to  x-ray  diffraction  analysis,  then  reinserted  in  the  solu¬ 
tions -for  additional  treatment.  Thus,  a  series  of  patterns  was  obtained  progres¬ 
sively  for  the  treatment  of  each  tooth.  Over  100  x-ray  diffraction  patterns  were 
taken. 

EXPERIMENTAL  RESCLTS 

1.  Treatment  of  a  deciduous  molar  with  2  per  cent  HF  at  unadjusted  pH 
of  less  than  1 :  A  trace  of  CaFg  appeared  after  treatment  for  fifteen  minutes; 
('aF2  and  apatite  were  present  in  approximately  e(iual  amounts  after  thirty 
minutes’  treatment;  the  CaFa  was  dominant  after  one  hour,  twenty  minutes 
and  still  more  dominant  after  two  and  after  four  hours.  Polished  adult  teeth 
responded  similarly. 

2.  Treatment  with  2  per  cent  NaF  at  pH  4.0:  CaFo  appeared  after  three 
and  four  hours,  but  apatite  was  still  dominant,  even  after  100  hours’  treatment. 

3.  Treatment  of  a  deciduous  molar  with  2  per  cent  NaF  at  pH  3.0:  Al¬ 
though  no  CaF2  was  evident  after  two  hours’  treatment,  it  did  appear  in  con¬ 
siderable  amount  after  fifty  bom's’  treatment  and  was  slightly  dominant  over 
apatite  when  the  treatments  ranged  from  seventy-six  to  147  hours. 

4.  Treatment  of  deciduous  molar  in  0.4  per  cent  Na2SiF6  at  unadjusted  pH 
of  3.3:  Both  a})atite  and  C’aFo  were  present  in  appreciable  amount  after  eight 
hours’  treatment,  while  (’aF2  was  slightly  dominant  after  twenty-five  hours  and 
even  more  so  after  longer  treatment.  Treatment  of  an  adult  tooth  yielded  similar 
results.  Treatment  of  a  deciduous  molar  in  an  old  0.4  per  cent  NaoSiFn  solu¬ 
tion  at  a  measured  pH  of  3.S  at  time  of  use  recorded  only  a  trace  of  CaFo  in 
eight  hours  and  ai)proximateIy  e<|ual  amounts  of  the  two  eon.stituents  after  172 
and  2(K)  hours’  t*-eatments. 

5.  Treatment  of  adult  tooth  with  2  per  cent  SuF^  solution  at  unadjuste<l 
pH  of  about  3.5:  The  apatite  structure  peisisted  completely,  even  througlumt 
treatment  for  one  week. 

6.  Treatment  of  both  deciduous  and  adult  teeth  with  2  ]>er  cent  Na2P()3F 
at  unadjusted  i)H  of  about  6.7 :  The  apatite  structure  persist»sl  completely, 
even  throughout  treatment  for  one  week. 


l)lSCUS.SION 

These  results  taken  alone  indicate  that  HF,  NaF,  and  Na2SiF,i  change  the 
apatite  structure  partially  to  one  of  judfium  fluoride.  The  2  per  cent  HF 
solution,  the  pH  of  which  is  lower  than  any  of  the  other  solutions,  accom- 
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plishes  this  change  most  readily.  With  \aP’,  the  change  gfjes  more  readily  at 
pH  3.0  than  at  pH  4.0,  as  indicated  by  the  fact  that  CaFj  was  dominant  after 
long  treatment  at  the  lower  pH  and  apatite  at  the  higher  pH.  With  Na2SiF«, 
the  rate  is  again  a  function  of  pH,  as  indicated  by  comparative  results  with  the 
fresh  and  the  old  solutions  of  which  the  pH  had  changed.  Results  of  the  treat¬ 
ments  with  SnFj  and  Na2P03F  indicate  that,  under  the  eonditions  of  these 
experiments,  there  is  no  evidence  in  the  x-ray  diffraction  patterns  of  a  change 
from  an  apatite  structure  to  any  other  structure.  No  differences  b(*tween  de¬ 
ciduous  teeth  and  adult  teeth  were  noted  in  these  experiments. 

It  is  of  interest  to  compare  these  results  to  the  x-ray  results  on  powdered 
enameP’  *  in  so  far  as  the  experiments  overlap.  The  results  on  SnFa  and 
Na2P03F  are  in  full  accord,  as  no  x-ray  evidence  of  any  structural  change  was 
found  in  either  the  powdered  enamel  or  the  whole  tooth  studies.  The  data  on 
treatments  with  NaoSiFe  and  with  NaF  at  pH  3.0  indicate  that  whole  teeth 
respond  similarly  to  powdered  enamel,  but  that  the  response  of  whole  teeth  is 
definitely  somewhat  slower  than  that  of  powdered  enamel.  The  data  on  HF 
and  on  NaF  at  pH  4.0  again  indicate  that  the  responses  of  whole  teeth  and  of 
[H)wdered  enamel  are  similar;  in  these  instances  the  response  of  whole  teeth 
may  well  be  slower,  although  the  data  are  not  overlapping  as  completely  as  in 
the  other  treatments. 

SUMMARY 

The  data  of  this  report  in  comparison  to  the  data  on  powdere^I  enamel  in¬ 
dicate  that,  as  far  as  gross  changes  are  concerned,  whole  teeth  respond  similarly 
but  more  slowly  to  treatment  w  ith  fluoride  reagents  than  does  powdereil  enamel. 
The  significance  of  the  rate  difference  may  1h'  explaintnl  on  the  basis  of  the 
earlier  reports  that  the  change  develops  upon  the  enamel  surfaces  in  the  pi>w- 
dered  enamel  specimens;  a  relatively  larger  fraction  of  the  total  enamel  con¬ 
tent  is  on  the  surface  than  is  the  case  in  whole  teeth  and,  therefore,  any  surface 
reaction  should  develop  more  (piickly  on  ]>owdercd  enamel  than  on  whole  tt'eth. 
It  should  be  emphasized  again  that  this  report  deals  entirely  with  gnvss  changes 
from  an  apatite  structure  to  an  entirely  diflVrcnt  structuiv.  and  not  with  changes, 
if  any,  within  the  apatite  series  of  structures. 
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DENTAL  CARIES  PREVALENCE  IN  CHILDREN  15  AND  16  YEARS 
OF  AGE  IN  THREE  IDAHO  COMMUNITIES 

KATHLEEN  O.  PORTER  AND  ELLA  WOODS 
Department  of  Home  lieonomics  Keseareh,  University  of  Idaho,  Moscow,  Idaho 

An  (LNUSUAL  range  of  variation  in  soil,  water,  and  climatic  factors  in  Idaho 
warranted  a  study  of  the  relationship  of  environmental  conditions  and  diet 
to  dental  caries,  A  preliminary  study  of  freshman  students  at  the  University 
of  Idaho  in  1950  showed  that  students  reared  in  different  areas  of  the  state 
had  widely  varying  degrees  of  caries  involvement.'  For  the  Idaho  phase  of 
the  Western  Regional  Nutritional  Status  study,  children  15  and  16  years  of 
age  in  the  areas  of  high  and  low  caries  incidence  were  studied  intensively  with 
dental  and  physical  examinations,  dietary  records,  and  1)1(kk1  analyses  and 
urinalyses.  This  paj)er  rejmrts  the  dental  findings. 

METHOD 

Three  communities  were  selected  for  study  during  1951  on  the  basis  of 
the  area  of  the  state,  population,  local  health  facilities  and  organization,  and 
tluoride  content  of  the  municipal  w'ater  supplies.  Two  towns  in  the  south¬ 
western  .section  of  Idaho  were  chosen  to  represent  the  low'  caries  incidence 
area :  BoLse,  with  an  average  tluoride  content  of  0.5  ppm  in  the  municipal  water 
(typical  of  the  municipal  water  supplies  in  much  of  southern  Idaho),  and  the 
neighboring  town  of  Nami)a,  nineteen  miles  from  Boise  in  the  same  irrigated 
valley,  with  1.5  ppm  fluorides  in  its  municipal  water  supply.  In  the  northern 
part  of  the  state,  Uoeur  d’Alene  was  chosen  to  represent  the  area  of  high 
caries  incidence.  Subjects  from  tw’o  towns  approximately  ten  miles  from 
Coeur  d’Alene,  Rathdrum  and  Post  Falls,  were  included  in  this  group.  The 
municipal  water  supplies  of  these  towns  are  fluoride-free,  as  are  most  of  the 
munieiiial  w  ater  sui)plies  in  northern  Idaho. 

Subjects  were  school  children  15  and  16  years  of  age  who  had  been  born 
and  reared  in  the  communities  being  studied.  Continuous  urban  residence  was 
not  a  requirement  for  participation  in  this  study,  but  detailed  information  on 
places  of  residence  was  obtained  for  each  subject,  and  the  dental  findings 
were  classified  accordingly.  Students  who  had  not  been  away  from  the  study 
community  or  the  adjacent  farming  district  more  than  two  months  in  any 
year  were  considered  continuous  residents  of  the  area;  those  who  had  used 
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the  municipal  water  supply  since  birth  were  classed  as  continuous  urban  resi¬ 
dents.  The  age  and  sex  distribution  of  the  subjects  whose  dental  findings  are 
reported  in  this  paper  is  given  in  Table  I. 


Table  I 

Age  and  Sex  Distribution  of  School  Children  Examined  in  Three  Idaho  Communities 


CONTI  NUOU.S  1 

RESIDENCE 

1  GIRLS  1 

1  BOYS  ] 

1  TOTAL 

NUMBER  or 
CHILDREN 

AVERAGE 

AGE 

NUMBER  OF 

CHILDREN 

AVERAGE 

AGE 

NUMBER  OF 
CHILDREN 

AVERAGE 

AGE 

Area 

Fr. 

Mo. 

Fr. 

Mo. 

Fr. 

Mo.  1 

Boise 

40 

15 

10 

34 

16 

0 

74 

15 

11 

Nampa 

44 

16 

2 

27 

16 

4 

71 

16 

2 

Coeur  d’Alene 

4.1 

15 

11 

27 

16 

0 

70 

15 

11 

Urban 

Boise 

20 

15 

8 

23 

16 

0 

43 

15 

11 

Nampa 

18 

16 

2 

8 

16 

2 

26 

16 

2 

Coeur  d’Alene 

21 

15 

11 

9 

15 

11 

30 

15 

li 

The  dental  examinations  were  carried  out  in  the  offices  of  the  local  prac¬ 
ticing  dentists  who  cooperated  in  the  study.  All  subjects  from  Boise  and 
Nampa  were  examined  by  one  dentist.*  Each  of  the  five  dentists  in  Coeur 
d’Alenet  examined  an  equal  number  of  the  Coeur  d’Alene  subjects.  The  den¬ 
tists  first  charted  the  filled,  extracted,  and  carious  teeth  which  were  observed 
using  mouth  mirror  and  explorer;  posterior  bite-wing  x-ray  films  were  taken 
and  the  findings  subsequently  charted.  Notations  were  made  on  the  charts  to 
indicate  teeth  which  were  deciduous,  unerupted,  extracted  for  orthodontic 
reasons,  or  lost  by  accident.  These  teeth  were  not  included  in  summarizing 
the  results. 

Dental  caries  experience  was  measured  by  counting  the  number  of  teeth 
and  tooth  surfaces  (excluding  deciduous  teeth  and  third  molars)  which  were 
carious,  filled,  or  extracted  because  of  caries.  The  symbol  DMP  (decayed, 
missing,  and  filled)  was  used  to  de.signate  past  and  present  caries  experience. 
Caries  prevalence  was  computed  both  with  and  without  the  inclusion  of  the 
x-ray  findings  in  order  that  the  results  of  this  study  could  be  compared 
directly  with  those  of  other  studies. 

RliSULTS  AND  DISCUSSION 

The  dental  caries  experience  of  the  boys  and  girls  examinetl  in  the  three 
communities  is  presented  in  Table  II,  and  the  findings  by  communit,v  are  shown 
in  Fig.  1.  The  diflFerence  in  average  caries  prevalence  of  the  Boise  and  Nampa 
subjects  compared  with  the  Coeur  d’Alene  subjects  is  striking.  The  average 
number  of  DMF  teeth  of  the  Coeur  d’Alene  subjects  was  more  than  twice  as 
great  as  for  the  Boise  and  Nampa  subjects,  and  the  average  number  of  DMF 
surfaces  was  from  three  to  four  times  greater.  The  range  in  number  of  DMF 
teeth  including  x-ray  findings  was  0  to  20  for  the  Boise  group,  0  to  17  for 
the  Nampa  group,  and  10  to  28  for  the  Coeur  d’Alene  group  of  continuous 

•Dr.  (lonlon  I..  Williamson. 

tDr.  Walter  Matson,  Dr.  Frank  O’Halloran,  Dr.  Jack  A.  Rice,  Dr.  Robert  M.  Scates,  and 
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urban  residents.  Five  of  the  subjects  in  the  Boise  area  and  four  in  the  Nampa 
area  had  no  DMF  teeth ;  two  of  the  Coeur  d’Alene  subjects  had  complete  upper 
dentures.  The  average  caries  prevalence  of  the  continuous  urban  residents  of 
Coeur  d’Alene,  16.7  DMF  teeth  or  18.2  DMF  teeth  including  x-ray  findings, 
was  higher  than  for  any  corresponding  group  of  subjects  reported  in  the 
literature. 


Table  II 

De.n'tal  Cakies  Experience  of  Children  15  and  16  Years  of  Age 
IN  Three  Idaho  Communities 


— 

— 

AVERAGE  NUM- 

BER  OF  SUR- 

AVERAGE  NUMBER  OF  TEETH 

PACES 

CARIOUS 

DMF 

DMF 

BY  CLINI- 

CARIOUS 

WITH 

WITH 

CAL  EX- 

BY  X-RAY 

X-RAY 

X-RAY 

NUMBER 

OF 

AMINA- 

EXAMI- 

EX- 

EXAMI- 

EXAMI- 

GROUP 

1  SUBJECTS 

FILLED 

TIO.V 

NATION 

TRACTED 

DMF* 

N.\TION* 

DMF 

NATION 

Continuous  Area 

Residents 

Boise 

Girl.s 

40 

3.8H 

3.92 

2.00 

0.50 

7.85 

8.56 

12.05 

14.18 

Boys 

34 

2.65 

3  82 

3.12 

0.29 

6.62 

8.26 

10.32 

13.56 

Total 

74 

3.31 

3.88 

2.51 

0.41 

7.28 

8.43 

11.26 

13.82 

Nampa 

(iirls 

44 

4.93 

2.30 

2.52 

0.16 

7.00 

8.16 

10..32 

13.23 

Boys 

27 

2.04 

3.37 

3.26 

0.04 

5.30 

6.15 

6.37 

9.96 

Total 

71 

3.K3 

2.70 

2.80 

0.11 

6.35 

7.68 

8.83 

11.99 

Coeur 

(lirls 

42 

S.Sl 

7.07 

5.19 

2.83 

16.05 

17.93 

39.28 

44.98 

d  ’Alene 

Boys 

27 

7.04 

6.70 

5.52 

1.63 

13.15 

15.89 

29.63 

.35.78 

Total 

69 

S.12 

6.93 

5.32 

2.36 

14.91 

17.13 

.35.51 

41.38 

Continuous  Urban 

Resulents 

Boise 

Girls 

20 

2.95 

3.85 

1.50 

0.35 

6.55 

6.95 

9.85 

11.40 

Boys 

23 

2.04 

4.09 

3.22 

0  09 

6.13 

7.96 

8.48 

11.91 

Total 

43 

2.64 

3.98 

2.42 

0.21 

6.33 

7.49 

9.12 

11.67 

Nampa 

(Jirls 

IS 

2.94 

1.89 

1.50 

0.00 

4.72 

5.56 

5.89 

7.61 

liovs 

S 

1.12 

3.50 

2.50 

0.00 

4  62 

6.00 

5.25 

8.00 

Total 

26 

2.38 

2.38 

1.81 

0.00 

4.69 

5.69 

5.69 

7.73 

Coeur 

Girls 

21 

10.62 

7.(15 

6.05 

2.38 

16.90 

18.71 

39.67 

45.81 

d  ’Alene 

Boys 

•t 

10.11 

7  1 1 

3.11 

1.56 

16.11 

17.00 

37.56 

41.00 

Total 

.30 

10.47 

7.07 

5. 1 7 

2.13 

16.67 

18.20 

39.03 

44..37 

•DMK  teeth  may  not  equal  the  sum  of  the  filled,  carious,  and  extracted  because  some  of 
the  teeth  were  both  filled  and  carious. 


Comparison  of  the  caries  experience  of  the  Boise  and  Nampa  subjects  is 
of  particular  interest,  inasmuch  as  the  fluoride  content  of  the  Nampa  water 
(1.5  ppm)  is  within  the  range  generally  considered  to  be  optimum,  whereas 
that  of  Boise  is  considerably  low'er  (0.5  jiimi).  The  average  number  of  DMF 
teeth  of  the  continuous  urban  residents  in  Boise  was  (>.33,  with  a  standard 
deviation  of  4.56;  the  corresponding  group  in  Namiia  averaged  4.69,  +3.55 
DMF  teeth.  The  Nampa  average  was  26  jier  cent  lower  than  the  Boise  average. 
For  the  DMF’  count  including  x-ray  findings,  the  figures  were  7.49  +  4.61 
DMF  teeth  for  the  Boise  group,  and  5.69  ±  4.26  DMF  teeth  lor  the  Nampa 
group,  24  per  eent  lower.  1'hese  differences,  how'ever,  were  not  statistically 
significant;  that  is,  the  probabilities  of  the.se  differences  occurring  by  chance 
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were  about  1  in  10.  In  the  communities  studied,  as  would  be  true  of  any  town 
in  this  state,  it  was  not  possible  to  get  a  larger  number  of  continuous  urban 
residents  for  subjects  in  this  study.  Subjects  w’ere  therefore  included  w’ho  had 
lived  in  the  adjacent  farming  area.  These  children  had  used  municipal  water 
at  least  while  at  school,  and  many  had  moved  one  or  more  times  from  farm 
to  town.  The  average  number  of  DMF  teeth  for  the  continuous  area  residents 
of  lioise  was  7.28  and  of  Nampa  6.85,  18  i)er  cent  lower.  The  corresponding 
figures  for  the  DMF  count  including  x-ray  findings  were  8.48  DMF  teeth  for 
the  l)oise  group  and  7.68  DMF  teeth  for  the  Nampa  group,  9  per  cent  lower. 
These  differences  were  not  statistically  significant. 


O/ggA/s/  l9K.SID£hiTS  A  ^04  ggS/PgO/rS 

KIk.  1. — Dental  carles  experience  of  children  15  anil  16  years  of  aRe  in  three  Idaho  communities. 


The  high  caries  incidence  among  the  Foeur  d’Alene  subjects  as  compared 
with  the  Boise  and  Nampa  grtmp  cannot  be  explained  on  the  basis  of  poorer 
dental  care.  The  Foeur  d’Alene  area  subjects,  on  the  average,  brushed  their 
teeth  more  fretpieiitly,  had  been  to  a  dentist  nmre  recently,  and  had  no  higher 
a  ratio  of  dental  work  ti»  be  done  than  ilitl  their  counterparts  in  Boise  and 
Nampa.  Fifty-twii  per  cent  t»f  the  Foeur  tFAlene  subjects  reported  brushing 
their  teeth  two  or  more  times  p<*r  day,  as  compared  with  84  per  cent  of  the  Boise 
subjects  and  80  ])er  cent  of  the  Nampa  subjects.  (Brushing  the  teeth  less 
often  than  once  a  day  was  reported  by  17  per  cent  of  the  subjects  in  the 
southern  communities  ami  by  18  per  cent  of  those  in  Foeur  d’Alene.)  More 
than  one-half  »»f  the  Foeur  il’Alene  subjects  had  visited  their  dentists  within 
six  months  of  this  study  ami  all  hml  visited  a  dentist  in  the  preceding  two 
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years,  but  two  years  or  more  had  passed  since  26  per  cent  of  the  Boise  subjects 
and  12  per  cent  of  the  Nampa  subjects  had  visited  a  dentist.  An  additional  5 
per  cent  of  the  Boise  subjects  and  8  per  cent  of  the  Nampa  subjects  had  never 
been  to  a  dentist.  An  estimate  of  the  dental  work  needed  in  relation  to  that 
which  has  been  done  can  be  obtained  by  dividing  the  number  of  teeth  requir¬ 
ing  fillings  by  the  number  of  filled  and  extracted  teeth;  these  ratios  were  1.04 
for  the  Boise  group,  0.68  for  the  Nampa  group,  and  0.66  for  the  Coeur  d’Alene 
group. 

In  each  area,  approximately  60  per  cent  of  the  subjects  had  been  breast 
fed  for  more  than  three  months.  The  average  number  of  DMF  teeth  for  the 
subjects  who  had  been  breast  fed  more  than  three  months  was  6  per  cent 
lower  in  Boise  and  Nampa  and  16  per  cent  lower  in  Coeur  d’Alene  than  the 
average  for  the  subjects  who  had  been  breast  fed  less  than  three  months  or 
not  at  all. 

The  difference  in  the  fluoride  content  of  the  water  used  in  the  three  com¬ 
munities  undoubtedly  explains  some  of  the  variation  in  caries  susceptibility  in 
these  groups  of  subjects.  The  average  number  of  DMF  teeth  among  the  Boise 
and  Nampa  urban  subjects  was  similar  to  the  number  which  would  be  expected 
on  the  basis  of  the  studies  of  Dean,  Arnold,  Elvove,  and  Jay*’  *  of  children  12 
to  14  years  of  age  in  twenty-one  cities  with  varying  amounts  of  fluorides  in 
the  water  supplies.  On  the  assumption  that  the  average  number  of  DMF 
teeth  would  increase  between  the  ages  of  14  and  16  years  at  a  rate  similar  to 
that  at  w  hich  it  increased  between  the  ages  of  12  and  14  years  for  the  subjects 
studied  by  Dean,  Arnold,  Elvove,  and  Jay,*’  ^  the  16-year-old  children  in  a 
community  with  1.5  ppm  of  fluorides  in  its  water  supply  would  be  expected  to 
have  about  4.1  DMF  teeth  (based  on  the  average  of  seven  towns  with  1.2  to 
2.6  ppm  of  fluorides),  and  in  a  community  with  0.5  ppm  of  fluorides  the  ex¬ 
pected  number  of  DMF  teeth  for  the  16-year-old  children  would  be  about  6.7 
(based  on  the  average  of  four  towns  with  0.3  to  0.8  ppm  of  fluorides).  The 
average  number  of  DMF  teeth  for  the  Nampa  urban  subjects  was  4.7,  which 
was  .somewhat  higher  than  the  expected  value  of  4.1  DMF  teeth ;  the  average 
for  the  Boise  urban  subjects  was  6.3  DMF  teeth,  which  was  a  little  lower  than 
the  expected  value  of  6.7  DMF  teeth.  On  the  other  hand,  the  expected  num¬ 
ber  of  DMF  teeth,  computed  in  the  .same  manner,  for  the  16-year-old  subjects 
in  a  community  with  fluoride-free  water  would  be  about  11.2  DMF  teeth 
(based  on  the  average  of  seven  towns  studied  by  Dean,  Arnold,  Elvove,  and 
Jay,*’*  w’ith  0.0  to  0.1  ppm  of  fluorides).  The  value  of  16.7  DMF  teeth  per 
subject  found  for  the  Ooeur  d’Alene  subjects  indicates  that  other  factors  in 
addition  to  the  lack  of  fluorides  in  the  water  may  be  involved  in  the  severe 
dental  health  problem  in  this  i)ortion  of  the  state. 

Analyses  of  the  five  municipal  water  supplies  used  by  the  subjects  in  this 
study  are  presented  in  Table  111.  It  will  be  noted  that  the  water  supplies  of 
the  three  towns  in  the  northern  area,  Coeur  d’Alene,  Rathdrum,  and  Post  Falls, 
are  lower  than  the  Boise  and  Nampa  water  supplies  in  calcium,  magnesium, 
and  total  hardne.ss,  as  well  as  fluorides.  Boise  and  Nampa  are  in  a  semiarid 
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region  where  the  soil  was  formed  under  conditions  of  low  rainfall,  little 
leaching,  and  desert  shrub  vegetation;  the  soil  is  characterized  by  a  high  cal¬ 
cium  content.  The  soil  in  the  Coeur  d’Alene  area  was  formed  under  conditions 
of  more  rainfall,  high  leaching,  and  forest  vegetation;  the  soil  is  low  in  cal¬ 
cium,  and  deficiencies  for  crop  production  of  boron,  nitrogen,  and  phosphorus 
also  occur.*  Further  studies  are  needed  to  establish  the  relationship  to  caries 
susceptibility  of  soil  constituents  and  of  minerals  in  the  drinking  water. 


Table  III 

Analyses*  of  the  Municipal  Water  Supplies  Used  by  Subjects  in  This  Study 


CLIMATOI.OOIC  DATA  (AVERAGE  NUM- 
BEK  OF  DAYS) 

PAKTI.Y 

COMMUNITY  CLH\R  C'LOl’DY  CLOUDY  EIJCV.VTIOX  LATITUDE 

Butse  (5.3-year  record)  138  98  l:J9  2,710  43®34'N 

(1940-1947)  119  101  145 

Nampa  (1940-1947)  170  115  80  2.482  4.3*35'X 

Coeur  (1940-1947)  131  95  139  2,160  47*21'N 

d  ’  Alene 

•From  United  Statea  Dt‘partment  of  Commerce,  Weather  Hureau,  Climatological  Data. 
Idaho  Section,  Annual  Keporta,  1935-19.M. 

The  three  communities  do  not  differ  greatly  in  elevation  (Boise,  2,710; 
Nampa,  2,482;  Coeur  d’Alene,  2,1(50  feet).  Coeur  d’Alene  is  approximately 
3(K)  air  miles  north  of  Boise  and  Nampa.  Detailed  elimatologie  data  covering 
the  life  span  of  these  subjects  are  not  available  for  the  three  eommunities,  but 
records  of  the  number  of  clear,  partly  cloiuly,  and  cloudy  days  are  available 
for  the  periiid  1940-1947.  These  and  related  data  are  summarized  in  Table  IV. 
According  to  these  records,  during  that  perhul  Boise  had  the  lowest  average 
number  of  clear  days  and  Nampa  the  highest  number,  with  Coeur  d’Alene 
intermediate  (119,  170,  and  Dll,  respectively),  liong-term  records  from  Boise 
give  the  average  number  of  clear  days  during  a  fifty-three-year  period  as  138. 
The  BoLse-Nampa  area  had  a  five-month  period  during  which  the  average 
maxiinum  temperature  exceeded  (50°  F.,  but  the  Coeur  d’Alene  area  had  only  a 
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four-month  period  of  equally  warm  weather  during  Avhich  outdoor  wraps 
would  not  interfere  with  sunlight  irradiation.  During  the  months  of  May  to 
September,  Coeur  d’Alene  had  somewhat  fewer  clear  days  than  did  Boise;  in 
the  period  1940-1947,  the  average  numbers  of  clear  days  during  these  five 
months  were  75  for  Boise,  92  for  Nampa,  and  73  for  Coeur  d’Alene.  The  Boise 
long-term  record  gives  an  average  of  87  clear  days  during  the  May  to  Sep¬ 
tember  period.  The  average  precipitation  is  approximately  twice  as  great  in 
Coeur  d’Alene  as  in  the  Boise-Nampa  area  (Boise  12,  Nampa  10,  and  Coeur 
d’Alene  23  inches). 

Dental  studies  similar  to  the  present  study  have  been  reported  from  the 
neighboring  states  of  Oregon®’  ®  and  Utah.^  The  average  numbers  of  DMF 
teeth  without  x-ray 'films  for  the  15-  and  16-year-old  subjects  in  the  seven 
study  areas  of  the  three  states  rank  as  follows : 

DMF  teeth 


Nampa,  Idaho  6.4 

Boise,  Idaho  7.3 

Oregon  central  counties  (Deschutes  and  Klamath)  10.6 

Ogden,  Utah®  12.2 

Oregon  Willamette  Valley  counties  (Marion  and  Benton)  13.0 

Oregon  coast  counties  (Coos  and  Clatsop)  14.3 

Coeur  d’Alene,  Idaho  14.9 


An  analysis  of  the  data  from  the  bite-wing  x-ray  films  is  of  interest  for  two 
reasons:  the  importance  of  using  x-ray  films  in  the  early  recognition  of  carious 
lesions,  and  the  importance  of  including  x-ray  films  in  dental  surveys.  The  com¬ 
parison  of  carious  findings  by  clinical  and  x-ray  examinations  of  the  continuous 
area  residents  of  the  three  communities  is  summarized  as  follows : 

Coeur 


Boise 

Nampa  d’Alene 

Average  number  of  teeth  found  carious  by  clinical 
examination 

3.88 

2.70 

6.93 

Average  number  of  teeth  found  carious  by  x-ray 
examination 

2.51 

2.80 

5.32 

Percentage  of  total  carious  teeth  found  by  x-ray 
examination 

39.7 

50.9 

43.5 

Average  numl)er  of  ]>roximal  surfaces  found  carious 
by  clinical  examination 

0.62 

0.29 

5.57 

Average  numl>er  of  additional  proximal  surfaces 
found  carious  by  x-ray  examination 

2.72 

3.40 

6.06 

Percentage  of  total  proximal  caries  found  by  x-ray 
examination 

81.6 

92.2 

52.1 

Percentage  increase  in  numl>er  of  DMF  teeth  by 

15.8 

20.9 

14.9 

including  x-ray  findings 

In  each  of  the  communities  studied,  nearly  as  many  additional  carious 
lesions  were  found  by  x-ray  examination  as  had  been  found  in  the  clinical 
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examination.  Of  the  total  number  of  carious  teeth,  the  percentages  found  by 
x-ray  examination  in  the  three  groups  of  subjects  were  similar  (40,  51,  and  44 
per  cent  in  the  Boise,  Nampa,  and  Coeur  d’Alene  groups,  respectively).  Quite 
a  different  situation  exists  when  the  numbers  of  carious  lesions  on  only  the 
proximal  surfaces  are  considered.  In  the  Coeur  d’Alene  group,  52  per  cent  of 
the  total  number  of  proximal  caries  were  found  by  x-ray  examination,  whereas 
82  per  cent  in  Boise  and  92  per  cent  in  Nampa  were  found  by  x-ray  examination. 
Blayney  and  Greco*  analyzed  the  dental  records  of  12,041  children  from  Evans¬ 
ton  and  Oak  Park  to  evaluate  roentgenologic  procedures  in  the  determination  of 
the  prevalence  of  dental  caries.  By  evaluation  under  most  favorable  conditions 
of  such  a  large  number  of  records,  they  hoped  to  obtain  average  rates  for  any 
individual  patient  of  comparable  age.  The  percentage  of  the  carious  lesions  on 
proximal  surfaces  recognized  by  x-ray  examination  for  the  14-year-old  Evanston 
and  Oak  Park  children  was  reported  to  be  65.22.  It  would  appear  from  the 
present  study  that  this  ratio  may  not  be  applicable  to  individuals  in  areas  where 
the  average  caries  prevalence  is  not  similar  to  that  in  Evanston  and  Oak  Park, 
in  view  of  the  definite  inverse  relationship  between  the  average  number  of  D^IF 
teeth  with  x-ray  findings  and  the  percentage  of  carious  lesions  on  proximal  sur¬ 
faces  recognized  by  x-ray  examination  in  the  Illinois  and  the  Idaho  groups : 

Percentage  of  proximal 
caries  found  hy  x-ray 
DMF  teeth  examination 

7.7  92.2 

8.4  81.6 

11.3^*  65.2 

17.1  52.1 

In  areas  of  low-  caries  incidence  it  would  be  expected  that  a  large  percentage 
of  the  lesions  that  do  exist  would  not  have  progressed  far  enough  to  be  ob¬ 
served  by  clinical  examination  alone. 

In  spite  of  the  fact  that  nearly  one-half  of  the  total  number  of  carious 
teeth  in  each  group  of  subjects  were  observed  by  x-ray  examination,  the  im¬ 
portance  of  including  x-ray  examination  in  surveys  to  determine  the  dental 
status  of  groups  of  persons  was  not  demonstrated  in  this  study.  The  percent¬ 
ages  by  which  the  average  numbers  of  DMF  teeth  were  increased  by  the 
inclusion  of  x-ray  findings  were  similar  for  the  three  groups,  ranging  from  15 
to  21  per  cent.  The  relative  differences  between  groups  were  practically  un¬ 
changed  whether  the  three  groups  were  compared  on  the  basis  of  the  number 
of  DMF  teeth  or  the  number  of  DMF  teeth  with  x-ray  findings.  On  the  basis 
of  number  of  DMF  teeth,  the  average  value  for  the  continuous  area  residents 
in  Boise  was  49  per  cent  and  in  Nampa  43  per  cent  of  the  value  for  the  Coeur 
d’Alene  group.  With  the  inclusion  of  x-ray  findings,  the  average  number  of 
DMF  teeth  for 'the  Boise  area  subjects  wms  49  per  cent  and  for  the  Nampa 
subjects  45  per  cent  of  the  value  for  the  Coeur  d’Alene  group.  These  findings 
agree  w  ith  the  conclusions  of  other  workers**  “  that  for  school  survey  pro- 


Nampa 

Boise 

Evanston-Oak  Park 
(14-year-olds) 
Coeur  d’Alene 
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grams  and  similar  studies  x-ray  films  are  not  necessary,  but  that  they  are 
essential  for  a  complete  oral  examination  or  for  research  on  methods  of  caries 
control. 


SUMMARY 

Dental  examinations,  including  posterior  bite-wing  x-ray  films,  are  reported 
for  215  children  15  and  16  years  of  age  in  three  Idaho  communities:  Coeur 
d’Alene,  Boise,  and  Nampa,  with  0.0,  0.5,  and  1.5  ppm  fluorides,  respectively, 
in  their  municipal  water  supplies. 

The  subjects  who  were  continuous  urban  residents  of  Nampa  averaged  24 
per  cent  fewer  DMF  teeth,  including  x-ray  findings,  than  the  corresponding 
Boise  group,  but  with  the  number  of  subjects  available  for  this  study  the  dif¬ 
ference  was  not  statistically  significant.  The  average  caries  prevalence  for  the 
Coeur  d’Alene  group  was  more  than  twice  that  of  the  Boise  and  Nampa  groups 
and  was  higher  than  for  any  comparable  group  reported  in  the  literature.  In 
addition  to  the  lack  of  fluorides  in  the  water,  other  factors  which  may  bo  in¬ 
volved  in  the  severe  dental  health  problem  in  the  Coeur  d’Alene  area  are  the  lack 
of  minerals  in  the  water  and  soil  and  climatic  conditions. 

Nearly  one-half  of  the  total  number  of  carious  teeth  for  each  group  of  sub¬ 
jects  were  found  by  x-ray  examination.  Of  the  total  number  of  proximal  caries 
observed,  the  percentages  found  by  x-ray  examination  varied  from  52  per  cent 
for  the  Coeur  d’Alene  group  to  92  per  cent  for  the  Nampa  group.  However, 
the  percentage  by  which  the  average  number  of  DMF  teeth  for  each  group  of 
subjects  was  increased  by  the  inclusion  of  x-ray  findings  varied  only  from  15  to 
21  per  cent.  The  relative  differences  in  the  caries  prevalence  of  the  subjects  in 
the  three  communities  were  practically  unchanged  by  the  inclusion  or  omission 
of  x-ray  findings. 

Appreciation  is  expressed  to  the  dentists  who  made  tlie  examinations  for  their  interest  and 
cooperation  in  this  study. 
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CARIES  EXPERIENCE  AMONG  INSTITUTIONALIZED  CHILDREN 
IN  THE  PACIFIC  NORTHWEST 
THEODORE  SUHER,  D.M.D.,  M.S.,*  JOHN  P.  DICKSON,  D.M.D.,**  AND 
D.  M.  HADJIMARKOS,  D.D.S.,  M.S.D.,  M.P.H. 

From  the  Department  of  Pedodontics,  University  of  Oregon  Dental  School,  Portland,  Ore. 

IN  RECENT  years,  it  has  been  rei)orted  in  the  literature  that  institutionalized 
children  are  less  susceptible  to  caries  attack  in  comparison  with  children 
attending  i)ublic  schools.'’®  The  low  caries  attack  rates  observed  among  the 
institutionalized  children  have  been  attributed  to  a  combination  of  the  fol¬ 
lowing  environmental  factors:  the  regimentation  of  living  conditions,  the 
sheltered  life  at  the  institution  which  is  accompanied  by  freedom  from  emo¬ 
tional  tensions,  and  the  adequacy  of  the  daily  diet. 

The  present  paper  presents  the  results  of  an  investigation  on  the  caries 
experience  observed  among  institutionalized  children  in  the  Pacific  North¬ 
west  region  of  the  country.  The  results  of  this  study  are  at  variance  with  the 
generally  accepted  opinion  that  institutionalized  children  tend  to  be  less  sus¬ 
ceptible  to  caries  attack. 

The  present  study  is  a  part  of  a  longitudinal  investigation  for  the  evalua¬ 
tion  of  laboratory  tests  for  the  estimation  of  caries  activity. 

MATERI.4L  AND  METHODS 

The  present  investigation  was  conducted  among  children  living  in  the 
following  four  institutions  located  in  the  states  of  Oregon  and  Washington: 
(1)  Oregon  State  School  for  the  Deaf,  (2)  Oregon  State  School  for  the  Blind, 
(3)  Indian  School,  Chemawa,  Ore.,  and  (4)  Washington  State  School  for  the 
Deaf,  Vancouver.  The  children  of  the  Indian  School  were  American  Indians 
from  the  Northwest  tribes  of  the  states  of  Oregon,  Washington,  Montana, 
Idaho,  and  a  few  from  California.  Of  all  the  subjects  included  in  the  study, 
only  those  attending  the  Indian  School  were  normal  children. 

The  children  of  the  four  .schools  lived  at  the  institutions  only  during  the 
period  of  the  school  year,  that  is,  for  nine  months.  In  some  exceptional  cases, 
a  few  of  the  children  remained  at  the  institutions  during  the  three  months  of 
summer  vacation.  During  the  time  the  children  remain  in  the  institutions, 
only  emergency  dental  treatment  is  provided  for  them.  In  only  one  institu¬ 
tion,  the  Indian  School,  regular  dental  services  became  available  for  the  chil¬ 
dren  three  months  prior  to  the  dental  examinations  of  the  subjects. 

The  children  included  in  the  present  study  were  examined  at  their  respec¬ 
tive  schools.  The  dental  examinations  were  carried  out  by  means  of  mouth 
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mirror  and  explorer,  and  were  made  by  two  of  us  (T,  S.,  J.  P.  D.).  The  cari¬ 
ous  lesions  recorded  were  those  which  can  usually  be  observed  on  a  careful 
clinical  examination. 

Observations  were  made  for  both  the  permanent  and  the  primary  teeth. 
The  past  and  present  caries  experience  for  each  child  examined  was  expressed 
in  terms  of  DMF  teeth  (decayed,  missing,  filled)  for  the  permanent  dentition, 
and  d.e.f.  teeth  (decayed,  extraction  indicated,  filled)  for  the  primary  denti¬ 
tion.  A  tooth  both  carious  and  filled  was  counted  only  once  in  the  total  DMF 
or  d.e.f.  score. 

FINDINGS 

The  total  number  of  children  examined  at  each  of  the  institutions  and 
their  distribution  by  age  groups  are  presented  in  Table  I.  Dental  examina¬ 
tions  were  made  on  327  children  from  the  ages  of  6  through  14  years.  As  is 
apparent  from  this  table,  most  of  the  children  examined  lived  at  the  Washing¬ 
ton  State  School  for  the  Deaf  in  Vancouver  and  the  Indian  School  in  Chemawa, 
Ore. 

Table  I 


Number  of  Children  Examined  at  the  Four  Institutions  by  Age  Groups 


AGE  IN  YEARS  (LAST  BIRTHDAY) 

institution 

6 

1  7 

1  8 

t  9 

1  10 

1  11 

1  12  1 

13 

1  14 

1  ALL  AGES 

Washington  State 

6 

13 

20 

9 

19 

12 

15 

8 

10 

112 

School  for  the  Deaf 
Oregon  State  School 

3 

5 

4 

8 

0 

4 

5 

2 

2 

33 

for  the  Blind 
Oregon  State  School 

8 

12 

15 

14 

12 

5 

•» 

4 

6 

79 

for  the  Deaf 

Indian  School 

1 

11 

6 

13 

21 

29 

16 

4 

2 

103 

All  schools 

18 

41 

45 

44 

52 

50 

39 

18 

20 

327 

Table  II  provides  information  regarding  the  length  of  time  the  subjects 
spent  in  residence  up  to  the  time  of  the  examinations,  and  it  is  presented  in 
terms  of  median  and  range  by  age  groups.  On  this  basis,  the  median  length  of 
residence  for  the  age  group  6  through  8  years  was  one  year,  six  months.  The 
length  of  residence  increased  with  the  chronological  age  of  the  children,  and 
for  the  age  group  12  through  14  years  reached  a  median  of  three  years,  seven 
months. 


Table  II 

Length  of  Residence  Time  of  the  Children  at  the  Institutions  in  Terms  of 
Median  and  Range  by  Age  Groups 


AGE  GROUPS  IN  YEARS 

MEDIAN 
(YR.,  MO.) 

(YR.,  MO. 

RANGE 

TO 

YR.,  MO.) 

6-  8 

1,  6 

0,  1 

3,  6 

9-11 

2,  6 

0,  1 

6,  0 

12-14 

0,  1 

8,  7 

The  past  and  present  caries  experience  in  the  permanent  teeth  is  shown  in 
Table  III,  by  specified  age  groups.  This  table  presents  the  total  caries  experi¬ 
ence  of  the  subjects  in  terms  of  DMF  teeth  and  surfaces,  as  well  as  the  com- 
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ponents  comprising  the  DMF  rates.  The  caries  experience  rates  of  the  chil¬ 
dren  living  at  the  Indian  School  were  not  considered  separately,  although  it 
is  known  that  some  tribes  have  a  low  susceptibility  to  this  disease.  In  a  pre¬ 
vious  study  conducted  among  8,257  American  Indian  children  coming  from 
110  tribes  in  sixteen  states,  it  has  been  demonstrated  that  the  Indian  tribes 
residing  in  the  Northwest  section  of  the  country  show  high  caries  prevalence 
rates.* 

Table  III 

Dental  Caries  Experience  in  the  Permanent  Teeth  of  Children  Examined 
AT  THE  Four  Institutions  (Rates  Are  Expressed  per  Child  by  Specified  Age  Groups) 


AGE  IN  YEARS  (LAST  BIRTHDAY) 


ITEM  SPECIFIED 

1  6 

1  7 

1  8 

1  9  1 

10  1 

11 

1  12 

1  13 

1  14 

Decayed 

Extraction 

indicated 

2.06 

3.59 

3.60 

4.98 

5.69 

7.86 

10.36 

11.33 

12.00 

0 

0 

0 

0 

0.08 

0.08 

0.03 

0.06 

0.10 

Missing 

0 

0.02 

0.11 

0.11 

0.19 

0.32 

0.44 

0.28 

1.00 

Filled 

0 

0.17 

0.40 

0.91 

1.21 

1.28 

1.18 

3.11 

4.10 

DMF  teeth 

2.06 

3.68 

3.98 

5.57 

6.60 

8.84 

11.21 

12.44 

14.95 

DMF  surfaces 

3.50 

6.10 

7.16 

10.11 

11.71 

15.68 

18.87 

22.00 

27.30 

As  can  be  seen  from  the  data  presented  in  Table  III,  the  caries  experience 
of  the  children  increases  considerably  as  their  chronological  age  advances. 
The  average  number  of  DMF  teeth  of  the  6-year-old  child  was  2.06  and  it  in¬ 
creased  to  14.95  DMF  teeth  at  the  age  of  14  years.  In  other  words,  of  a  total 
of  twenty-eight  permanent  teeth  present  in  the  mouth  at  the  age  of  14  years, 
one-half  of  them  have  been  attacked  by  caries.  The  same  wide  variability  is 
apparent  in  the  average  number  of  DMF  surfaces  between  these  two  age 
groups,  that  is,  an  increase  from  3.50  DMF  surfaces  at  the  age  of  6  years  to 
27.30  surfaces  at  the  age  of  14  years. 

The  material  presented  in  Table  III  demonstrates  also  the  great  disparity 
between  the  dental  needs  of  the  children  examined  and  the  dental  services 
received  in  the  form  of  fillings.  Dental  needs  are  comprised  of  open  cavities, 
teeth  indicated  for  extraction,  and  teeth  missing  because  of  caries.  For  each 
age  group  only  a  small  fraction  of  the  dental  needs  of  the  children  have  been 
met.  At  the  age  group  of  6  years,  the  DMF  rate  is  made  up  entirely  of  teeth 
with  open  cavities.  By  the  time  the  children  reached  their  fourteenth  birthday, 
they  had  an  average  of  12.00  teeth  needing  filling  and  1.0  missing  teeth.  On 
the  other  hand,  only  4.10  teeth  had  been  filled. 

Table  IV  gives  a  picture  of  the  caries  experience  in  the  primary  teeth  of 
the  children,  by  age  groups.  The  material  in  this  table  shows  again  the  high 
incidence  of  caries  observed  among  the  subjects  examined,  as  well  as  the  great 
disparity  between  the  dental  needs  of  the  children  and  the  dental  services 
received.  In  general,  Tables  111  and  IV  demonstrate  vividly  the  magnitude  of 
the  dental  caries  problem  of  the  children  included  in  this  study. 

For  the  purpose  of  comiiaring  the  caries  experience  of  the  children  in  this 
study  with  that  observed  among  similar  age  groups  examined  elsewhere.  Table 
V  was  prepared.  The  data  shown  in  this  table  present  a  comparison  between 
the  average  number  of  DMF  teeth  of  the  children  examined  at  the  four  insti- 
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tutions  and  the  DMF  rates  of  subjects  examined  in  Hagerstown,  Md.,®  and  in 
two  localities  in  Oregon.®*  ®  The  group  at  the  Farm  Home  in  Oregon  was  com¬ 
posed  of  institutionalized  children.  The  children  of  Hagerstown,  Md.,  and 
Corvallis,  Ore.,  were  attending  the  local  public  schools. 

Table  IV 


Dental  Caries  Experience  in  the  Primary  Teeth  op  Children  Examined  at  the  Four 
Institutions  (Rates  Are  Expressed  per  Child  by  Specified  Age  Groups) 


ITEM 

SPECIFIED 

AGE  IN  YE^ARS  (LAST  BIRTHDAY) 

1 

1  7 

1  8 

1  9 

1  10 

Decayed 

5.22 

4.78 

5.07 

4.05 

2.69 

Extraction  indicated 

0.28 

0.54 

0.56 

0.43 

0.23 

Filled 

1.72 

0.80 

1.18 

1.45 

0.63 

d.e.f.  teeth 

6.56 

5.78 

6.18 

5.18 

3.25 

d.e.f.  surfaces 

13.94 

13.34 

14.58 

12.50 

7.88 

Table  V 

Comparison  of  Caries  Experience  Between  the  Children  op  the  Four  Institutions  and 
Similar  Groups  Examined  in  Oregon  and  Hagerstown,  Md. 


PLACE  OP 
EXAMINATION 

AGE  IN  YEARS  (LAST  BIRTHDAY) 

1  6  1 

7  i 

8 

1  9  1 

10  1 

1  11 

1  12  1 

1  13 

1  14 

Four  institutions 

2.06 

3.68 

3.98 

5.57 

6.60 

8.84 

11.21 

Hagerstown,  Md. 

0.29 

0.73 

1.20 

2.02 

2.51 

2.84 

3.66 

Farm  Home,  Ore. 

0.0 

0.2 

1.3 

2.0 

3.3 

3.7 

3.4 

Corvallis,  Ore. 

0.75 

1.70 

2.73 

3.82 

4.28 

5.17 

6.82 

It  is  apparent  from  these  figures  that  the  children  of  the  present  study 
experienced  considerably  higher  caries  attack  rates  in  comparison  with  the 
other  groups  included  in  this  table.  The  average  DMF  rates  of  the  children 
attending  the  public  schools  in  Hagerstown,  Md.,  are  approximately  three 
times  less  than  the  rates  found  among  the  pupils  of  the  four  institutions. 
Moreover,  the  caries  experience  of  the  children  in  this  study  is  about  twice 
as  high  as  that  which  was  observed  in  the  group  of  children  living  at  the  in¬ 
stitution  known  as  the  Farm  Home.  A  similar  wide  difference  in  caries  ex¬ 
perience  is  also  noted  between  the  children  of  the  elementary  schools  in  Cor¬ 
vallis,  Ore.,  and  those  included  in  the  present  investigation. 

COMMENTS 

The  results  of  the  present  investigation  are  not  in  agreement  with  the 
generally  accepted  opinion  that  institutionalized  children  exjverienee  lower 
caries  attack  rates  than  children  attending  public  schools. 

For  an  explanation  of  this  finding,  an  attempt  was  made  to  evaluate  the 
dietary  pattern  used  at  the  institutions.  For  this  reason,  a  “typical”  weekly 
record  of  the  foods  served  at  each  school  was  secured  from  the  dieticians  of 
the  four  institutions.  In  general,  an  analysis  of  these  records  showed  that 
the  daily  food  intake  of  the  children  was  adequate.  Milk  was  consumed  in 
adequate  amounts,  three  glasses  per  ilay.  Butter  was  used  daily.  Cooked 
and  raw  vegetables  and  fruits  were  eaten  regularly.  Meat  or  fish  was  served 
daily.  Bread,' cereals,  and  jHitatoes  were  used  in  ade(|uate  amounts.  Desserts, 
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such  as  pies,  cakes,  and  cookies,  were  served  daily.  Second  helpings  on  main 
tiishes  were  available.  On  the  basis  of  this,  it  appears  that  the  high  caries 
experience  rates  observed  among  the  children  of  this  study  cannot  be  attrib¬ 
uted  to  the  inadequacy  of  their  daily  food  intake  while  in  residence  at  the 
institutions. 

'I'he  fact  that  the  children  of  our  study  did  not  remain  under  custodial 
care  during  the  summer  months  may  have  been  the  main  reason  for  the  high 
attack  rates  observed  among  them.  During  this  three-month  period  while  the 
chiblren  lived  away  from  the  institutions,  not  only  was  their  pattern  of  living 
as  a  whole  undoubtedly  disturbed,  but  also  important  changes  in  their  daily 
diet  may  have  occurred. 

A  similar  interpretation  was  made  of  the  results  of  a  recent  study  on 
dental  caries  conducted  among  children  of  residential  and  day  nurseries.*  In 
this  study,  the  children  of  the  residential  nurseries  had  lower  caries  experi¬ 
ence  rates  in  comparison  with  those  of  the  children  in  the  day  nureeries,  al¬ 
though  the  basic  diet  of  both  nursery  groups  was  well  balanced.  The  only 
ditfereuee  was  that  the  children  of  the  day  nurseries  spent  part  of  the  day 
as  well  as  the  week  ends  away  from  the  institutions  and  also  had  several  of 
their  meats  at  home. 

In  general,  however,  the  findings  of  the  present  investigation  are  in  agree¬ 
ment  with  the  results  of  recent  .studies  on  dental  caries  conducted  in  Oregon. 
In  these  studies  it  was  shown  that  Oregon  school  children  and  adolescents 
have  a  high  susceptibility  to  caries.  For  an  explanation  of  this  phenomenon, 
the  possible  influence  of  various  environmental  factors  has  been  investigated 
and  the  results  reported  in  the  literature  of  recent  years.^’” 

SUMMARY 

A  study  was  conducted  for  the  purpose  of  determining  the  caries  experi¬ 
ence  of  children  living  in  four  institutions  located  in  the  states  of  Oregon 
and  Washington. 

Dental  examinations  were  made  on  327  school  children  from  the  ages  of 
6  through  14  years. 

The  results  of  this  study  are  not  in  agreement  with  the  generally  accepted 
opinion  that  institutionalized  children  tend  to  be  less  susceptible  to  caries  at¬ 
tack  than  children  attending  public  schools. 

An  investigation  of  the  over-all  food  intake  of  the  children  while  in  resi¬ 
dence  at  the  institutions  showed  that  their  diet  could  be  considered  well 
balanced. 

The  fact  that  the  children  of  this  study  lived  outside  the  institutions  dur¬ 
ing  the  summer  months  may  have  been  the  main  rea.son  for  the  high  caries 
experience  rates  observed  among  them. 
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DENTAL  CARIES  IN  CARIES-SUSCEPTIBLE  AND  CARIES-RESISTANT 
ALBINO  RATS  (RATTUS  NORVEOICUS)  IN  THE  ABSENCE 
OF  SECRETIONS  OP  THE  ]»AROTID  GLAND 
R.  F,  KELLER,  H.  R.  HUNT,  AND  C.  A.  HOPPERT 
IteiHirtments  of  Zoology  and  Chemistry,  Miehipan  State  College,  East  Lansing,  Mich. 

IT  HAS  been  known  for  some  time  that  desalivation  in  rats  increases  the 
incidence  of  dental  caries.  Ginn  and  Volker'  desalivated  rats  and  observed 
that  the  onset  of  caries  was  hastened  and  that  the  severity  of  the  x)rocess  was 
increased.  Kite,  Shaw,  and  So^nnaes*  tube  fed  both  normal  and  desalivated 
rats  and  observed  that  tooth  decay  was  ])revented  in  caries-susceptible  rats 
when  the  direct  effects  of  food  in  the  oral  cavity  were  eliminated. 

Cheyne'*’  *  removed  various  combinations  of  the  major  salivary  glands 
of  the  rat.  The  Kfcatcst  amount  of  caries  followed  the  removal  of  the  parotid 
and  submaxillary  f?l«Rds.  The  extirpation  of  the  parotid  alone  produced  only 
slightly  more  dental  caries  than  did  the  intact  controls. 

KXPKRIMENTAL  PROCKDURE 

Experimental  animals  were  obtained  from  the  colony  of  Hunt  and  Hop- 
pert.®'"  Part  of  these  animals  were  fi*om  the  Hunt-Hoppert  caries-susceptible 
strain,  and  the  rest  were  from  the  caries-i*esistant  strain.  Selection,  progeny 
testing,  and  brother-sister  inbreeding  have  been  used  in  the  production  of  these 
two  .strains,  which  differ  markedly  with  respect  to  resistance  to  dental  caries. 

The  parotid  ducts  and  j)ortions  of  the  parotid  glands  were  removed  from 
a  number  of  rats  of  each  strain  when  they  were  35  to  40  days  old.  Care  was 
taken  not  to  injure  the  facial  nerve,  which  courses  ])arallel  to  the  parotid  duct 
in  this  area.  This  was  desirable  since  Jarbak'  has  shown  that  the  resection  of 
the  nerve  causes  increased  amounts  of  dental  caries,  presumably  due  to  a  lack 
of  buccinator  function.  Rats  i)roduced  in  earlier  littei^s  from  the  same  parents 
were  used  as  controls. 

All  rats  were  inspected  at  biweekly  intervals  for  the  presence  of  macroscopic 
dental  caries  in  the  lower  molar  teeth.  This  observation  was  made  with  the 
unaided  eye.  The  animal’s  tongue  was  pushed  aside  and  the  jaws  held  apart 
with  a  nasal  speculum.  All  experimental  animals  were  autopsied  after  death 
to  verify  the  removal  of  the  parotid  duct. 

OBSERVATIONS 

The  elimination  of  parotid  secretions  did  not  markedly  alter  the  number 
of  days  required  for  the  onset  of  the  first  macroscopic  carious  lesions.  The  mean 
caries  times  for  the  rats  of  both  strains  are  summarized  in  Table  1.  The  caries 
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time  is  the  age  in  days  at  which  the  first  carious  lesion  appears  in  a  lower  molar 
tooth,  minus  thirty-five  days.  In  the  earlier  experimental  work  of  Hunt  and 
Hoppert,  the  cariogenic  diet  used  was  introduced  at  35  days  of  age.  Recently, 
the  rice  used  in  the  cariogenic  ration  has  been  ground  finer  so  that  only  2  to  3 
per  cent  is  retained  on  a  20-mesh  screen.  In  order  to  make  the  earlier  and 
later  results  comparable,  the  practice  of  subtracting  thirty-five  days  from  the 
age  of  onset  of  caries  has  been  continued. 

Table  I 


Caries  Time  for  Experimental  and  Colony  Controls  (Means  Are  Shown  With  Their 

Standard  Errors) 


1  SUSCEPTIBLE 

1  RESISTANT 

1  INTACT 

1  EXPERIMENTAL  1 

I  I  NT  AIT 

1  experimental 

Number 

85 

55 

1(50 

(50 

Mean  caries-time  (days) 

.39  +  2 

51  ±3 

479+  15 

436  ±  30 

Mean  periods  (fourteen 

2.8  ±  0.9(5 

3.5  ±  0.9 

34  ±  1 

31  ±2 

davs) 

0.78* 

0.10* 

Number  of  sibships 

13 

11 

28 

12 

Mean  of  sibships’  means 

40  ±  3 

55  ±  8 

487  ±  63 

452  ±  35 

*Not  significant. 


The  experimental  susceptible-series  rats  developed  caries  twelve  days  later, 
on  the  average,  than  did  the  susceptible-series  controls.  This  difference  was 
less  than  the  number  of  days  between  observations  (about  fourteen  days).  The 
“t”  test  was  used,  and  this  difference  was  found  to  he  nonsignificant  (t  =  0.78). 

The  experimental  resistant-series  rats  retpiired  an  average  of  forty-three 
days  less  than  their  controls  for  the  appearance  of  the  first  carious  lesion.  This 
difference  represents  approximately  three  ohsenation  periods  and  is  non¬ 
significant  (t  =  0.10). 

The  means  of  the  sibships’  means  and  the  numbers  of  sibships  used  in  the 
study  are  shown  in  Table  1.  The  standard  error  accompanies  each  mean. 

CONCI.USION 

The  behavior  of  rats  of  each  of  the  two  strains  remained  essentially  the 
same  with  respect  to  dental  caries  development  in  the  absence  of  secretions  of 
the  parotid  gland  as  in  the  corresponding  control  animals. 

Thus  it  has  been  demonstrated  that  the  inherited  difference  between  the 
caries-susceptible  and  caries-resistant  llunt-lloppert  strains  of  rats  is  not,  to 
any  considerable  degree,  due  to  a  substance  or  suhstanees  pi"esent  in  the  secre¬ 
tions  of  the  parotid  gland  alone.  The  experiment  was  not  designed  to  determine 
whether  salivary  secretions  influence  caries  by  mechanically  cleaning  the  teeth, 
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A  METHOD  FOR  STUDY  OF  ACID  PRODUCTION  BY 
SALIVARY  SEDIMENTS 
R.  S.  MANLY 

Tufts  College  Dental  School,  Boston,  Mass. 

SEVERAL  investigators  have  demonstrated  that  dental  plaques  in  situ  will 
develop  a  localized  acidity  within  a  few  minutes  if  the  subject  of  a  study 
rinses  the  mouth  with  a  glucose  solution.'  *  When  dental  plaques  are  treated 
with  certain  substances,  a  glucose  rinse  has  less  effect  on  the  pH  of  the 
plaque,'*®  and  the  inhibition  of  pH  change  has  been  used  as  an  index  of  the 
potential  value  which  a  substance  posssesses  for  blocking  the  initiation  of 
dental  caries.  This  is  a  type  of  screening  procedure  since  it  is  used  to  precede 
rather  than  to  replace  clinical  investigation.  It  has  the  merit  of  duplicating 
many  of  the  conditions  which  must  hold  whenever  localized  acidity  causes 
solution  of  enamel  surface.  It  has  the  handicaps  of  offering  the  investigator 
little  control  over  some  of  the  important  variables  which  may  be  capable  of 
affecting  the  pH  decrease,  such  as,  plaque  thickness,  salivary  rate  of  flow,  and 
the  pH  and  buffer  capacity  of  the  saliva.  It  does  not  permit  investigations 
of  substances  that  have  unknown  toxicity. 

Many  investigators  have  incubated  mixtures  of  saliva  and  glucose  in  order 
to  study  acid  formation  by  oral  microorganisms,  and  have  measured  the  in¬ 
fluence  of  potential  inhibitors  by  the  extent  to  which  the  substance  can  inhibit 
the  rate  of  pH  change  in  the  liquid.**'®  This  approach  has  the  merits  of  other 
in  vitro  procedures,  in  that  tests  can  be  made  on  substances  which  have  un¬ 
known  toxicity,  and  the  major  variables  can  be  controlled.  It  differs  enough 
from  actual  mouth  conditions  to  decrease  its  chances  of  being  well  correlated 
with  clinical  findings. 

There  is  evidence  which  suggests  that  the  capacity  for  conversion  of 
sugar  to  acid  resides  mainly  in  the  su.s])ended  solids  of  whole  saliva.  Gore'* 
observed  that  solid  material  settled  from  whole  saliva  during  a  two-hour 
period,  and  that  this  precipitate  developed  a  pH  of  5.4  even  though  the  pH  of 
the  supernatant  portion  remained  essentially  unchanged.  Hill  and  White'® 
demonstrated  that  a  rapid  decrease  in  pH  occurred  when  the  sediment  from 
saliva  was  incubated  with  glucose,  whereas  the  filtrate  from  whole  saliva  did 
not  change  in  pH  when  treated  in  the  same  manner.  Volker  and  Pinkerton® 
found  that  acid  is  formed  within  five  minutes  in  the  sediment  from  saliva, 
whereas  the  supernatant  portion  did  not  form  acid  within  one  hour.  In  rate 
of  acid  formation,  it  appears  that  there  is  more  resemblance  between  dental 
plaques  and  salivary  sediment  than  there  is  betw’een  dental  plaques  and  w'hole 
saliva. 

Preaentetl  at  the  General  Meetlni?  of  the  International  Association  for  Dental  Research, 
Philadelphia.  March  20-22,  1953.  (J.  D.  Res.  8S:  666.  1953.) 

This  study  was  supported.  In  part,  by  a  Rrant  from  the  American  Chicle  Company,  l.onK 
Island  City,  New  York. 

Received  for  publication  July  13,  1953. 
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Dental  plaques  in  situ  differ  from  suspended,  homogenized  plaque  material 
in  resistance  to  penetration  by  inhibitors,  as  was  shown  by  the  ingenious 
technic  of  IMuntz  and  Miller.^®  These  investigators  observed  that  1:1,000 
Zephiran  inhibited  acid  formation  almost  completely  for  a  suspension  of 
homogenized  plaque  material,  was  partially  inhibitory  for  suspended  clumps, 
and  had  little  effect  on  an  artificial  plaque  for  the  same  material  that  was  pre¬ 
pared  by  centrifugation. 

.  REACTIONS  AFFECTING 

EQUILIBRIUM  pH 
REACHED  WITHIN 
SALIVA  SEDIMENT 


Glucose 


Inhibitor 


Butter 

Alhali- 


Fig.  1. — Assumptions  made  regarding  production  of  acid  by  salivary  sediment. 

The  purpose  of  this  investigation  was  to  find  some  means  of  studying  the 
rate  of  acid  production  in  a  semisolid  mass  of  the  sediment  from  saliva.  The 
sediment  was  selected  rather  than  plaque  material  becau.se  of  the  ease  of  ob¬ 
taining  .suitable  quantities  for  .study.  Stralfons*  prepared  gels  of  strains  of 
oral  microorganisms  in  agar,  coated  the  gels  on  a  glass  electrode,  and  studied 
the  rate  of  acid  formation  under  different  conditions.  Agar  was  not  employed 
by  us  in  order  to  avoid  use  of  any  substance  foreign  to  the  mouth.  The  prob¬ 
lems  were  to  find  how  to  produce  a  mass  with  the  proper  consistency,  and  how 
to  hold  it  against  the  surface  of  a  glass  electrode  in  a  manner  that  would 
allow  the  ma.ss  to  be  immersed  in  solutions  having  controlled  temperature, 
known  sugar  content,  and  defined  values  for  buffer  capacity  and  pH.  Perhaps 
under  these  conditions  an  equilibrium  pll  would  be  reached  within  the  bac¬ 
terial  mass  and  this  equilibrium  pH  would  be  an  index  of  the  rate  of  acid  pro¬ 
duction  by  the  bacterial  mass. 

The  reasons  for  assuming  attainment  of  a  steady  state  are  explained  in 
Fig.  1.  The  first  a.ssumption  is  that  glucose  or  other  substrates  will  diffuse  into 
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the  bacterial  mass,  and  the  second  is  that  the  glucose  will  be  converted  there 
into  acid  by  microorganims  at  a  constant  rate.  This  rate  could  be  affected  by 
the  pH  of  the  sediment  phase,  since  Stralfors  has  shown  that  the  terminal 
acidity  for  streptococci  is  4.0  to  4.34.*  If  the  pH  of  the  sediment  is  kept  above 
this  figure,  the  pH  will  presumably  have  little  effect  on  the  rate  of  acid 
formation. 

We  assume  next  that  the  acid  formed  will  lower  the  pH  of  the  sediment 
at  a  rate  that  depends  on  the  buffer  capacity  of  the  sediment  and  the  diffusion 
rates  of  various  ions.  As  the  pH  falls  lower,  the  gradients  causing  loss  of  acid 
become  greater,  and  within  a  few  minutes  the  acid  is  being  lost  as  rapidly  as 
it  is  formed.  The  loss  may  occur  through  diffusion  of  acid  outward  to  the 
surface  of  the  sediment,  through  neutralization  by  buffer  or  base  which 
diffuses  inward  from  the  buffer  solution,  or  possibly  through  conversion  to 
other  substances.’^ 

Under  these  conditions  a  steady  state  is  reached,  or  a  type  of  metastable 
equilibrium  is  attained  during  which  there  is  little  change  in  the  pH  of  the 
sediment  or  solution,  even  though  there  may  be  a  differential  of  2  pH  units  be¬ 
tween  the  two  phases.  If  all  the  factors  which  govern  the  rate  of  loss  of  acid 
can  be  kept  constant,  then  the  differential  in  pH  becomes  an  index  of  rate  of 
acid  production,  and  an  inhibitor  of  acid  production  can  be  estimated  from 
the  change  it  produces  in  the  pH  differential. 

Experimental  Procedure. — Fifteen  milliliters  of  paraffin-stimulated  saliva 
was  centrifuged  at  2,400  r.p.m.  for  twenty  minutes,  the  supernatant  liquid 
decanted,  the  precipitate  stirred,  and  0.1  ml.  of  the  semisolid  precipitate  was 
used  for  a  test.  This  quantity  of  the  precipitate  was  pipetted  with  a  large- 
bored  pipette  into  a  tiny  mesh  thimble  made  of  squares  of  women’s  nylon 
stockings.  The  thimble  was  formed  by  pulling  two  layers  of  nylon  mesh  over 
a  glass  rod  that  was  slightly  larger  than  the  glass  electrode.  The  fabric  was 
held  in  place  with  a  rubber  band,  cemented  with  Duco  cement  at  the  neck, 
then  heated  for  fifteen  minutes  at  140°  C*.  to  produce  a  permanent  shape.  The 
thimble  containing  the  sediment  was  pulled  gently  over  the  electrode  (Beck¬ 
man,  No.  4990-29)  until  the  sediment  just  made  contact  with  the  whole  surface 
of  the  hemisphere ;  then  the  thimble  was  held  in  place  by  an  orthodontic  band 
(Fig.  2). 

The  thimble-covered  electrode  was  immediately  immersed  through  the 
middle  neck  of  a  small  Wolff  bottle,  into  a  solution  containing  0.2  molar  glu¬ 
cose  and  0.01  molar  rOz-NallCOj  buffer.  The  bicarbonate  buffer  was  pro¬ 
duced  by  forcing  an  equivalent  amount  of  (X\.  into  bicarbojiate  solution  in  a 
seltzer  bottle.  This  procedure  does  not  introduce  into  the  buffer  any  sub¬ 
stance  that  is  foreign  to  saliva,  since  bicarbonate  buffer  has  been  shown  by 
Wah  Leung’*  to  constitute  nearly  all  of  the  buffer  capacity  of  saliva.  A 
second  glass  electrode  monitors  the  pH  of  the  solution  itself,  and  is  necessary 
since  the  solution  may  change  pH  in  either  direction.  A  rise  in  pH  will  take 
place  as  CO2  is  lost  from  solution  and  a  decrease  will  occur  as  acid  diffuses 
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out  of  the  salivary  sediment;  under  normal  operating  conditions,  the  effects 
tend  to  balance  each  other.  A  calomel  reference  electrode  (Beckman,  No. 
4970-29)  is  placed  in  the  third  opening  of  the  Wolff  bottle  and  is  common  in 
its  connection  with  both  glass  electrodes.  Through  this  type  of  connection, 
drift  in  the  reference  electrode  will  not  influence  the  differential  between  the 
two  glass  electrodes.  The  Wolff  bottle  has  an  opening  at  the  bottom,  with  a 
tube  leading  to  a  jxisition  above  the  level  of  the  water  bath,  which  permits  the 
whole  system  to  be  immersed  in  water  at  37°  C.  The  contents  of  a  Wolff 
bottle  are  removed  by  suction.  Additions  of  liquid  are  made  from  an  auto¬ 
matic  pipette.  The  gluco.se-buffer  mixture  is  pumped  into  the  pipette,  which 


Kig.  2. — Cell  containing  glucose  buffer  and  holding  electrodes  for  measuring  pH  of  buffer  and 

salivary  sediment. 

is  calibrated  to  deliver  exactly  27  ml.  Three  milliliters  of  a  test  solution  is 
added  to  bring  the  total  volume  to  30  ml.,  and  this  is  drained  off  by  gravity 
into  an  empty  Wolff  bottle.  There  are  six  glass  electrodes  with  three  Wolff 
bottles,  making  it  possible  to  run  three  separate  tests  simultaneously.  The 
remainder  of  the  equipment  permits  automatic  recording  or  control  of  vari¬ 
ables.  Automatic  equipment  was  selected  in  order  to  make  the  observations 
objective,  to  eliminate  the  tedium  of  repeated  pH  readings,  and  to  increase  the 
work  output. 
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Leads  from  the  six  glass  electrodes  are  connected  with  the  Beckman 
Automatic  Switch  (Model  1700),  which  is  located  in  the  radio  relay  rack  just 
above  the  water  bath.  Every  thirty  seconds  the  switch  automatically  selects 
one  after  another  of  the  glass  electrodes  for  connection  to  the  Beckman 
Industrial  Model  R  pH  Meter  at  the  bottom  of  the  relay  rack.  The  output  of 
the  pH  meter  is  fed  into  the  Minneapolis  Honeywell  six-place  recorder,  at  the 
top  of  the  rack.  These  connections  are  shown  diagrammatically  in  Fig.  3, 
which  demonstrates  one  cell,  the  recording  equipment,  and  a  .sample  record 
from  the  cell.  Recordings  are  made  on  a  strip  chart,  with  time  shown  on  the 
vertical  axis  and  pH  on  the  horizontal  axis  by  the  position  of  a  “+.”  The 
number  of  the  electrode  to  which  connection  was  made  is  printed  beside  the  +. 


RECORDER  pH  AUTOMATIC 


Klg.  3. — Diagram  of  equipment  ernployetl.  The  chart  demonstrates  attainment  of  equilibrium 
pH  in  salivary  sediment  and  the  effect  of  0.1  per  cent  NaF  on  the  equilibrium  pH. 


At  the  beginning  of  each  day’s  operation,  the  electrodes  are  cleaned,  and 
the  vessels  are  filled  with  standard  pH  7  buffer.  Minor  adjustments  are  made 
on  the  switching  unit  in  order  to  calibrate  each  electrode.  The  pH  7  buffer 
is  withdrawn  from  the  Wolff  bottle  and  replaced  by  glucose  buffer.  Salivary 
sediment  is  placed  in  contact  with  the  middle  glass  electrode  of  each  of  the 
three  units,  and  the  electrodes  are  placed  back  in  the  solutions.  Within  ten 
to  twenty  minutes,  the  pH  recorded  by  the  experimental  electrode  falls  to  an 
equilibrium  value,  1.5  to  2.5  pH  units  below  that  of  the  solution.  This 
differential  usually  remains  unchanged  for  several  hours  except  for  a  gradual 
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loss  in  acid  production  rate.  As  shown  in  Fig.  3,  the  attainment  of  equilibrium 
is  rapid.  In  this  instance  a  change  was  made  in  the  glucose-buffer  mixture 
after  one  hour’s  time.  Sodium  fluoride,  0.1  per  cent,  was  added  to  a  new 
buffer  which  was  introduced  to  the  Wolff  bottle.  There  resulted  a  rapid 
attainment  of  a  new  equilibrium  at  a  higher  pH  value  (a  lower  pH  differential). 
When  a  study  has  been  completed,  a  portion  of  the  chart  is  cut  out,  dated,  and 
fastened  into  the  notebook,  thus  forming  a  permanent  record  of  the  840  pH 
readings  which  are  usually  made  during  a  working  day. 

Variables  Capable  of  Affecting  pH  Differentials. — There  are  many  factors 
which  could  conceivably  affect  the  equilibrium  pH  differential  between  the 
sediment  and  solution.  The  factors  associated  with  the  sediment  include  the 
thickness  of  the  sediment  layer,  the  degree  of  condensation,  the  types  of 
organisms  present,  the  percentage  of  acid-forming  constituents,  the  porosity 
of  the  thimble,  and  the  presence  of  materials  w'hich  can  support  acid  forma¬ 
tion  or  hinder  diffusion  of  ions.  The  rate  of  attainment  of  equilibrium  is 
probably  affected  by  the  buffer  capacity  of  the  sediment,  but  this  would  not 
influence  the  pH  differential  at  the  steady  state,  since  buffer  capacity  operates 
only  during  change  in  ])II,  and  there  is  no  j)H  change. 

The  ])H  differential  may  also  be  affected  by  factors  associated  with  the 
solution.  The.se  include  the  concentration  and  type  of  substrate,  of  other 
nutrients,  and  of  buffer,  the  pH,  temperature,  and  extent  of  agitation.  Some 
of  these  factors  have  been  studied  in  detail  and  the  findings  will  be  reported 
elsewhere.  A  systematic  study  of  all  of  the.se  factors  and  their  interactions 
cannot  be  completed  soon,  and  the  procedure  is  presented  in  its  present  stage 
of  development  because  of  its  i)os.sible  value  to  other  investigators. 

There  are  two  variables  associated  with  the  solution  which  illustrate  the 
principle  of  attainment  of  a  steady  .state.  It  was  observed  that  the  buffer 
concentration  in  the  solution  has  a  profound  effect  on  the  pH  differential  at 
equilibrium.  This  influence  is  illustrated  qualitatively  in  Fig.  4,  which  is  a 
tracing  of  an  actual  recording.  The  study  was  made  essentially  with  the  same 
concentration  of  glucose,  but  with  buffer  concentrations  varying  from  0.001 
to  0.04  molar  f’Og-NalKTIs  solution.  Each  increase  in  buffer  concentration 
was  followed  by  a  rapid  adjustment  in  pH  and  the  attainment  of  a  new 
equilibrium.  When  the  buffer  concentration  became  0.04  molar,  the  pH 
differential  was  practically  abolished,  but  it  was  nearly  restored  as  portions 
of  the  glucose-buffer  were  withdrawn  and  rejflaced  by  equal  quantities  of 
glucose  solution. 

Any  increase  of  buffer  capacity  of  the  glucose  solution  will  exert  an 
effect  like  an  inhibitor,  and  the  influence  of  a  substance  during  contact  may 
be  due  to  a  combination  of  its  inhibitory  action  and  its  buffer  capacity.  The 
buffer  capacity  of  saliva  has  been  shown  to  range  from  0.18  to  0.96  among  a 
group  of'  patients,**  which  suggests  that  dental  plaques  having  the  same 
activity  will  vary  in  their  equilibrium  pH  depending  upon  the  buffer  capacity 
of  a  subject’s  saliva.  This  amount  of  variation  would  cause  a  change  in  the 
minimum  pH  which  is  reached. 


56h 


MANLY 


J.  D.  Res. 
.August,  1954 


It  was  iibserveil  that  arriileiital  stiniiiff  iif  the  luiuid  would  temporarily 
affect  the  pU  readings  from  the  sediment -covered  electrodes.  This  influence 
was  studietl  qualitatively  and  the  results  are  shown  in  the  ti'acing  from  data 
presented  in  Fig.  5.  A  mechanical  stirrer  was  placed  in  the  beaker  containing 
the  glucose  buffer,  ami  w'as  turned  on  and  off’  at  the  time  designated  in  the 
figure.  In  each  instance  a  new  etjiiilibrium  is  reached  whether  or  not  the 

INFLUENCE  OF  STIRRING 


pH 

Fiji,  ’v — Inrtufiu-f  of  ajiitution  of  .solution  on  Uifferontiul  in  pH  betwfon  .solution  ainl  saiivary 

sediment. 


stirrer  was  turned  on,  but  the  tliff’erentiul  in  pll  between  the  two  electrodes  is 
diminishetl  by  one-half  l>y  the  agitation.  A[)parently,  the  agitation  aids  the 
diffusion  of  ions  in  and  out  of  the  salivary  sediment.  This  inlluence  has  been 
eliminated  by  avoiding  agitation  of  the  solution  as  far  as  possible. 

There  are  several  types  of  investigations  for  which  this  equipment  is  use¬ 
ful.  It  may  be  employed  in  routine  screening  of  large  numbers  of  substances 
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in  order  to  learn  which  may  be  of  value  in  reducing  acid  formation.  The 
routine  makes  use  of  a  control  test  with  buffer  alone,  a  test  with  an  experi¬ 
mental  inhibitor  in  the  buffer  solution,  and  a  second  control  run.  It  discloses 
first  the  extent  to  which  a  chemical  can  diffuse  into  the  salivary  sediment  and 
neutralize  acid  or  inhibit  its  production.  Here  each  sediment  preparation 
serves  as  its  own  control.  The  extent  of  recovery  of  activity  is  observed  by 
comparison  of  the  second  with  the  first  control  pH  differential.  This  compari¬ 
son  shows  the  extent  to  which  the  substance  is  able  to  inactivate  the  acid- 
producing  capacity  of  salivary  sediment  in  a  fairly  permanent  manner. 

The  equipment  can  also  be  applied  to  problems  involving  test  of  one 
pci*son’s  saliva  on  the  rate  of  acid  production  by  another  person’s  salivary 
sediment,  to  comparisons  of  different  sugars  or  other  chemicals  as  substrates 
for  acid  production,  and  to  studies  of  the  cariogenic  effects  of  different  food¬ 
stuffs. 

SUMM.VRY 

Kquipment  has  been  assembled  and  tested  for  study  oi  the  rate  of  acid 
production  by  sediment  obtained  from  whole  saliva  using  an  in  vitro  system 
which  permits  control  of  some  of  the  important  variables.  Paraffin-stimulated 
saliva  is  centrifuged  for  twenty  minutes  at  2,4(K)  r.i>.m.,  and  0.1  ml.  of  the 
precipitate  obtained  therefrom  is  held  in  contact  with  a  glass  electrode  by 
means  of  a  thimble  of  nylon  mesh.  The  sediment  derived  from  the  saliva  of 
some  persons  forms  acid  rapidly  ami  reaches  an  equilibrium  ]>H  about  2  units 
below  that  of  the  solution  in  contact  w’ith  the  seiliment.  This  solution  contains 
0.2  molar  glucose  and  0.01  molar  COj-XalK’Os  buffer.  Influence  of  inhilutors 
can  be  observed  from  their  effect  on  the  pH  differential  at  e((uilibrium. 
Agitation  and  buffer  capacity  of  the  solution  have  been  shown  t<»  be  factors 
cajiable  of  affecting  the  equilibrium  pH. 

I  wixli  tu  thank  Mr.  William  ('urhy  fur  hit)  aMiataime  in  astteinhling  the  equi|iinent,  and 
initiating  and  iiiaiutainiug  ita  uperation.  Miaa  Mary  Eli£al>eth  Dreiahaeh,  Mra.  .Lutn  Keyser, 
and  Mian  ('arul  Elliott  have  alau  aaaiated  with  the  wurk. 
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THE  EFFECT  OF  SODIUM  COPPER  CHLOROPHYLLIN  OX  PURE 
CULTURES  OF  ORAL-TYPE  0R(JAN1SMS 

T.  A.  NEVIX*  AND  B.  G.  BIBBY 
Eastman  Dental  Dispensary,  Eochester,  X.  1’. 

There  is  considerable  interest  in  the  use  of  water-soluble  ehlorophyllint 
(sodium  copper  chlorophyllin)  fractions  as  therapeutic  and  cosmetic  agents. 
There  is  preliminary  evidence  suggesting  that  this  substance  stimulates  the 
healing  of  animal 'tissues,^  that  it  may  l)e  an  effective  deodorant,-  that  it  may 
inhibit  the  production  of  acid  from  glucose  in  saliva,®  and  that  it  may  serve  as 
a  fairly  good  bacteriostatic  agent.^  The  need  for  satisfactory  methods  of  con¬ 
trolling  bacterial  metabolism  is  well  recognized  in  preventive  dentistry;  there¬ 
fore,  the  possible  usefulness  of  chlorophyllin  as  a  metalwlic  inhibitor  merits  in¬ 
vestigation.  The  purpose  of  this  report  is  to  demonstrate  the  inhibitory  action 
of  this  agent  and  to  indicate  the  probable  mechanism  involved. 

The  testing  agents  used  were  pure  cultures  of  fifteen  strains  of  oral  bac¬ 
teria,  selected  to  represent  equally  the  genera  Micrococcus,  Lactobacillus,  and 
Strei)tococcus.  The  individual  strains  are  identified  numerically  as  follows: 

Micrococcus  10390*,  6020*,  30,  90,  899 

Lactobacillus  ■  9338*,  4646*,  22,  200x,  877 

Streptococcus  9756*,  9811*,  277,  59,  590 

Those  strains  marked  w'ith  asterisks  were  obtained  from  the  American  Type 
Uulture  Collection.  Lactobacillus  Xo.  200x  is  a  .strain  of  Lactobacillus 

acidophilus  supplied  by  Dr.  Morrison  Rogosa.  The  rest  of  the  cultures  were 
isolated  from  pa1;ients  at  the  Eastman  Dental  Dispensary. 

All  of  the  strains  were  used  to  demonstrate  the  inhibitory  action  of 
chlorophyll  on  bacterial  growth  and  glycolysis.  Selected  strains  were  used  to 
study  its  action  on  respiration  and  as  a  competitive  metalwlic  inhibitor. 

Effect  on  Bacterial  Growth. — -To  determine  whether  chlorophyllin  would 
produce  deviations  in  the  rate  of  growth  of  the  bacterial  cultures,  decimal  dilu¬ 
tions  were  i)repared  at  concentrations  of  4  mg.  per  milliliter  to  4  x  10  ®  mg.  per 
milliliter.  The  diluents  used  were  fluid  culture  media  supplemented  with 
glucose  to  a  final  sugar  concentration  of  2  per  cent.  These  media  are  as  follows: 
brain  heart  infusion  (Difeo),  peptonized  milk  (Difeo),  and  nutrient  broth 
(Difeo),  which  were  used  for  the  cultivation  of  the  streptococci,  the  lactobacilli, 
and  the  micrococci,  respectively.  They  were  dispensed  in  25  ml.  (piantities  and 
sterilized  before  the  addition  of  api)ropriate  amounts  of  a  4  i)er  cent  aqueous 
chlorophyllin  solution.  The  media-chloroi)hyllin  mixtures,  so  jn-epared,  were 

This  study  was  supported  by  a  grant  from  the  Rystan  Company,  Inc. 

Received  for  publication  July  6.  1953. 
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tThe  name  “chlorophyllin”  is  used  in  this  report  to  describe  the  sodium  copper  chloro¬ 
phyllin  supplied  by  the  Rystan  Company,  Inc.  The  purity  was  estimated  by  the  supplier  to 
be  75  per  cent. 
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inoculated  with  0.1  ml.  of  twenty-four-hour  broth  cultures  of  the  organisms. 
Alhiuots  were  plated  at  the  time  of  inoculation,  and  again  after  twenty-four 
hours’  incubation.  The  i)lates  were  then  incubated  at  37°  C.  for  twenty-four 
hours,  and  the  colonies  were  counted.  Typical  results  for  a  selected  member 
of  each  genus  are  showui  in  Table  I.  These  are  offered  in  the  critical  con¬ 
centration  range  of  chlorophyllin  only,  since  no  significant  inhibition  appeared 
when  high  dilutions  were  used. 


Table  I.  The  Inhibition'  ok  Bacterial  Reproduction  by  Chlorophyll 


eO.NCENTRATION  OE  CHLOROPHYLL  | 

STRAIN  NUMBER 

TIME 
( HOURS) 

4  MO./ML. 

0.04 

MO./ML. 

0,0004 

MG./ML. 

CONTROL 

Lactobacillus 

0 

3,000 

3,000 

2,000 

4,000 

No.  22 

24 

0 

320,000 

10,000,000 

34,000,000 

Streptococcus 

0 

1,600,000 

1,700,000 

1,400,000 

1,300,000 

No.  b7.5t) 

24 

1,700,000 

24,000,000 

24,000,000 

Too  numerous 
to  count 

Staplivloco<*cus 

0 

3,300,000 

3,200,000 

1,800,000 

3,800,000 

No.  10.390 

24 

0 

400,000,000 

610,000,000 

2,040,000,000 

It  is  evident  that  growth  is  strongly  inhibited  by  fairly  high  concentra¬ 
tions  of  chlorophyllin  (4  mg.  per  milliliter),  but  that  this  effect  decreases  as 
the  concentration  decreases,  becoming  negligible  when  the  medium  contains 
4  X  10'®  mg.  per  milliliter. 

Having  determined  the  inhibiting  concent  rations  of  chlorophyllin  on 
bacterial  reproduction,  it  was  decided  to  study  resulting  modifications  of 
standard  growth  curves  which  might  clarify  its  mode  of  action.  To  do  this, 
the  basal  media  described  in  the  preceding  experiment  were  utilized,  except 
that  the  chlorophyll  concentration  gradient  was  changed  from  0.1  to  0.5  mg. 
per  milliliter,  covering  the  range  from  4.0  through  0.25  mg.  per  milliliter. 
The  inocula  were  standardized  at  0.2  ml.  of  1 :100  dilutions  of  twelve-hour 
broth  cultures.  After  zero,  two,  four,  eight,  and  twenty-four  hours’  incuba¬ 
tion,  aliquots  were  diluted  to  1 : 1,000  and  1 : 100,000  with  sterile  tap  water 
and  j)lated  on  appropriate  solid  media.  After  suitable  incubation,  the  colonies 
wer«*  counted  on  a  Quebec  (’olony  Counter.  ‘  The  data  obtained  in  this  manner 
were  plotted  as  the  logarithms  of  the  numbers  of  viable  cells,  against  time  of 
growth  in  hours.  Typical  data  for  each  genus  are  depicted  in  Figs.  1,  2,  and  3. 

The.se  figures  clearly  illu.strate  the  prolonged  lag  phase  which  is  usually 
a.ssociated  with  bacteriostasis.  It  is  notable  that  the  duration  of  the  lag 
phase  decrea.ses,  indicating  a  more  rapid  initiation  of  growth,  as  the  concen¬ 
tration  of  chlorophyllin  is  decreased. 

Effect  on  (ilycuh/sis. — Concurrently  with  the  growth  studies,  aliquots  of 
each  test  system  were  titrated  with  0.02  \  XaOIl  using  a  glass  electrode  and  an 
end  point  of  pH  8.0  in  order  to  determine  total  acid  production.  Typical 
titration  curves  are  shown  in  Fig.  4.  Acid  values  are  plotted  as  milliequivalents 
of  base  reipiired  at  the  time  of  ])eak  of  growth  as  determined  in  the  previous 
exiieriment.  The  various  concentrations  of  chlorojihyllin  used  are  represented 
as  the  ordinate  values. 
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Superficially,  it  would  appear  that  the  production  of  acid  from  glucose  by 
all  genera  is  inhibited  by  chlorophyllin  when  it  is  present  in  concentrations 
of  0.25,  0.5,  1.0,  2.0,  and  4.0  mg.  per  milliliter.  If,  however,  acid  formation  is 
considered  in  relation  to  the  changes  in  the  bacterial  population  brought  about 
by  these  concentrations  of  chlorophyllin,  it  cannot  be  shown  that  glycolysis 
on  a  cell-to-cell  basis  is  adversely  affected.  When  the  amount  of  acid  produced 
by  a  control  culture  is  considered  as  being  100  per  cent,  then  the  relative 
amounts  of  acid  produced  by  the  test  cultures  can  be  calculated.  Similar 
values  can  be  calculated  with  respect  to  the  numbers  of  viable  cells  in  the 
control  culture  as  compared  with  those  of  the  test  cultures.  It  follows,  then, 
that  when  the  relative  values  obtained  for  acid  production  and  viable  cells 
in  a  single  test  culture  are  compared  with  respect  to  each  other,  a  ratio  of 
relative  acid  production  to  relative  nund)ers  of  viable  cells  exists  which  is 
representative  of  the  average  amount  of  acid  produced  by  the  average  cell 
under  the  conditions  specified.  On  this  basis,  it  is  possible  to  show  that  the 
acid  :  cell  ratios  obtained  in  the  presence  of  chlorophyllin  are  greater  than  the 
control  ratios  which  are  arbitrarily  set  at  unity.  The  data  obtained  with  a 
typical  member  of  each  genus  are  set  forth  in  Table  II. 


Table  IF.  The  Effect  of  Chlorophyll  on  Glycolysis  With  Respect  to  the  Ncmbek  of 

Viable  Cells 


OR<iA.N'IS.M 

rONCEXTRATION  OF  CHLOROPHYLL 

(M<}./.ML. 

) 

1  CONTROL 

St rept ococcus  m Uvariuft 

4 

2 

1 

0.5 

0.25 

No.  9756 

%  cell.s 

0.04 

1.0 

10.5 

17.2 

24.00 

100 

%  acid 

8.6 

14.3 

17.1 

23.3 

32.4 

100 

Acid  :cell 

215.0 

14.3 

1.60 

1.40 

1.40 

1 

ratio 

LactohaciUus  fermcnti 

%  cells 

— 

1.50 

2.50 

3.80 

16.90 

100 

No.  9338 

acid 

— 

43.3 

58.8 

57.7 

69.10 

too 

.\cid  :cell 

— 

28.10 

23.50 

15.20 

4.(M) 

1 

ratio 

.S’ taph ylococcus  auri  us 

^/r  cells 

0.023 

0.16 

0.33 

0.91 

1..33 

100 

No.‘  10390 

%  acid 

20.48 

31.32 

32.53 

36.08 

37.35 

100 

.\cid:cell 

890.4 

195.7 

98.6 

39.6 

2.8 

1 

ratio 

Effect  on  Hespiration. — In  the  foregoing  experiment.s,  the  inhibitory  effect 
of  chlorophyllin  on  bacterial  growth  has  la'cn  demonstrated,  whereas  a  con¬ 
comitant  interference  with  fermentation  could  not  lie  found.  It  seemed  profit¬ 
able,  therefore,  to  study  the  possibility  that  chlorophyll  might  disrupt  bacterial 
respiration  sy.stems  and  thereby  jiroduce  the  effect  noted.  To  test  this  possi¬ 
bility,  five  strains  of  micrococci  and  one  strain  of  Streptococcus  salivarius 
were  selected  for  study  in  the  Warburg  Microrespirometer.  The  eells  were 
grown  in  bulk  on  solid  media,  and  harvested  after  forty-eight  hours  of  incuba¬ 
tion.  (Satisfactory  media  were  obtained  by  the  addition  of  2  per  cent  agar 
to  those  used  in  the  preceding  experiments.)  After  harvesting,  the  cells  were 
wa.shed  three  times  with  large  quantities  of  sterile  di.stilled  water.  Test 
susiiensions  were  prepared  by  diluting  0.5  ml.  of  packed,  washed  cells  to  15 
ml.  The  test  system  consisted  of  0.5  ml.  of  cell  suspension  in  the  side  arm,  and 
1  ml.  of  0.3  pho.sphate  buffer  (pH  7.0),  1  ml.  of  0.3  per  cent  glucose,  and  0.4  ml. 
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of  a  chlorophyllin  solution  designed  to  give  the  desired  final  concentration,  0.1 
ml.  of  nutrient  broth  (Difco)  to  a  final  volume  of  2.5  ml.;  carbon  dioxide  was 
absorbed  by  0.2  ml.  saturated  sodium  hydroxide  in  the  center  well.  After 
temi)erature  equilibration,  the  cells  w’ere  tipped  in  from  the  side  arm  and 
manometer  readings  were  made  at  frequent  intervals  for  a  period  of  one  hour. 
These  results  are  presented  in  Table  III.  It  is  apparent  that  chlorophyllin,  at 
the  concentrations  used,  inhibited  the  respiration  of  the  strains  studied. 


Table  III.  Microliters  of  Oj  Taken*  up  by  Various  Organisms  During  One  Hour’s 
Subjugation  to  Varying  Concentrations  of  Chlorophyll 


ENDOG- 

RESPIRA- 

('ONCENTRATION  ' 

OF  CHLOROPHYLL 

ORGANISM 

ENOUS 

rONTROL 

TORY 

CONTROL 

0,5 

MG./ML. 

1  1  MG./ML.  1 

2  MG./ML. 

4  MG./ML. 

8trepto<-oc<*us 
No.  9756 

194.4 

363.8 

124.6 

96.32 

42.74 

31.23 

Staplivlo<*o<*<*us 
No.*  10390 

11.3.69 

360.53 

51.45 

35.58 

19.43 

16.72 

Staplivlocoppu.** 
No.*  899 

90.2 

358.0 

128.63 

109.04 

84.67 

35.02 

Staphvlo<*oppu.s 
No.'  90 

50.58 

239.66 

82.17 

58.61 

49.35 

33.50 

Staphylococcus 
No/ 30 

43.03 

176.62 

42.14 

13.90 

13.86 

13.47 

Staph  vlococpu.** 
No.*  6020 

60.06 

171.13 

97.8 

69.09 

44.58 

31.14 

Effect  on  Vitamin  and  Mineral  Metabolism. — It  was  of  interest  to  determine 
whether  the  inhibitory  activity  of  chlorophyllin  on  oxygen  uptake  was  by  means 
of  a  competitive  block  of  es.sential  coenzyme  systems.  For  this  purpose,  the 
behavior  of  Htreptococcus  salivarius  in  the  synthetic  medium  of  Smiley,  Niven, 
and  Sherman®  was  investigated.  Each  of  the  five  required  vitamins,  ribo¬ 
flavin,  thiamin,  niacin,  biotin,  and  calcium  pantothenate,  was  added  to  the 
foregoing  medium  in  quantities  10  to  100  times  greater  than  the  concentra¬ 
tions  required  for  optimal  growth.  Chlorophyllin  was  added  routinely  in  all 
tests  at  a  constant  final  concentration  of  1  mg.  per  milliliter.  Appropriate  con¬ 
trols  without  chlorophyllin  were  always  included.  All  tests  were  carried  out 
in  triplicate. 

The  tubes  were  inoculated  with  one  drop  of  a  suspension  of  Streptococcus 
salivarius  (American  Type  Culture  Collection  No.  9756)  which  had  been  ad¬ 
justed  to  give  a  Klett  reading  of  40,  after  having  been  washed  three  times  in 
distilled  water.  After  seventy-two  hours’  incubation,  the  te.st  series,  containing 
chlorophyll,  gave  no  evidence  of  growth,  but  maximal  growth  as  determined 
by  terminal  pll  (4.2  to  4.3)  occurred  after  twenty-four  hours’  incubation  of 
the  control  series.  It  may  be  assumed,  therefore,  that  the  action  of  chloro- 
])hyllin  Is  not  dependent  upon  interference  with  the  utilization  of  the  vitamins 
tested.  A  similar  experiment  using  the  inorganic  constituents  of  the  synthetic 
medium  indicated  that  Fe,  Mn,  Mg,  K,  and  Na  were  not  made  unavailable  for 
bacterial  nutrition.  It  is  interesting  to  note  that  when  small,  washed-cell 
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inoeula  were  used,  no  growth  was  obtained  in  the  presence  of  chlorophyllin. 
This  is  in  contrast  to  the  prolonged  lag  phase  but  eventual  growth  occurring 
when  gross  inoeula  were  used. 

Effect  on  Oxygen-reduction  Potential. — An  unexplored  possible  mode  of 
action  of  chlorophyllin  is  its  effect  on  the  oxidation-reduction  potential  of  the 
medium.  A  favorable  potential  is  necessary  for  the  growth  of  microorganisms, 
particularly  the  microaerophilic  varieties,  such  as  the  lactobacilli  and  strepto¬ 
cocci.  Frazier  and  Whittier**  studied  the  relation  of  growth  to  potential  changes 
in  the  case  of  a  variety  of  streptococci  and  lactobacilli.  The  potential  was  al¬ 
ways  reduced  with  growth.  This  has  now  been  amply  demonstrated  by  a  num¬ 
ber  of  investigators.  It  has  also  been  shown  that  substances  which  tend  to  main¬ 
tain  or  poi.se  the  Eh  at  positive  values  inhibit  growth  of  a  wide  variety  of  bac¬ 
teria.  Ingraham^  largely  explained  the  bacteriostatic  action  of  crystal  violet 
against  many  (Jram-positive  bacteria  through  a  meehanism  which  poises  the 
Eh  of  the  medium  at  positive  voltages. 
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CONCENTRATION  OF  CHLOROPHYLL  AS  Ug./Ml. 

Fik.  5. — Tin*  fffet't  of  chlorophyll  on  the  Kh  of  a  synthetic  nieiliuni  for  Streptococcus  sa/irnrius. 

To  test  this  hypothesis,  alitpiots  of  the  synthetic  medium  of  Smiley,  Niven, 
and  Sherman*  for  Streptococcus  salivarius  were  supplemented  with  chlorophyllin 
at  concentrations  of  0.25,  1.0,  2.0,  and  4.0  mg.  per  milliliter.  The  potentials 
were  determined  with  a  Beckman  potentiometer  using  a  l*t  electrode  and  a 
calomel  reference  electrode.  Standard  conditions  of  pH  and  temperature  (7.0; 
30°  (’.)  were  maintained.  (\)ntrol  measurements  were  made  simultaneously. 

Fig.  5  shows  that  the  oxidation-reduction  potential  of  the  basal  medium 
is  poised  at  more  positive  voltages  with  inert'asing  concentrations  of  chloro- 


ta 

Pi 

H 

< 

GO 

s 

o 

> 


578 


NEVIN  AND  BIBBY 


J.  D.  Res. 
.\ugust,  1954 


phyllin.  The  basal  medium  without  ehlorophyllin  yielded  readings  100  millivolts 
more  negative  than  the  ehlorophyllin-containing  (4  mg.  per  milliliter)  medium. 
This  suggests  that  the  inhibition  of  susceptible  bacteria  by  ehlorophyllin  may  be 
the  result  of  its  effect  in  poising  the  Eh  at  unfavorable  potentials  for  the 
initiation  of  growth.  This  theory  also  tends  to  explain  the  bacteriostatic  rather 
than  a  bactericidal  effect  of  chlorophyll. 

DISCUSSION 

In  the  studies  herewith  presented,  it  has  been  possible  to  demonstrate  an 
inhibition  of  growth  and  oxygen  utilization  by  bacteria  when  ehlorophyllin  was 
added  to  an  appropriate  test  .system.  Further  testing  showed  that  upon  the 
addition  of  ehlorophyllin  to  a  synthetic  medium,  the  oxidation-reduction 
potential  of  the  medium  was  made  as  much  as  100  millivolts  more  positive.  It 
is  suggested,  therefore,  that  the  inhibitory  mechanism  is  a  repoising  of  the 
oxidation-reduction  potential  in  such  a  manner  as  to  inactivate  certain 
metabolic  pathways.  The  inactivation  is  slowly  reversed  by  large,  unwashed 
inocula  wherein  sufficient  carry-over  materials  serve  to  maintain  the  cells  until 
such  time  as  the  medium  is  sufficiently  reduced  to  permit  utilization  of  the 
substrate  metabolites.  The  observation  that  small,  washed  inocula  did  not 
initiate  growth  in  the  jiresence  (d  a  constant  amount  of  ehlorophyllin  supports 
this  contention. 


SUMMARY 

Using  .standard  testing  methods,  it  has  been  shown  that  sodium  copper 
ehlorophyllin  exerts  a  bacteriostatic  effect  on  the  growth  of  oral-type  micro¬ 
organisms.  It  has  also  been  shown  that,  on  a  unit  cell  basis,  glycolysis,  per  se, 
is  not  adversely  affected,  and  may  appear  to  be  stimulated.  Studies  with 
Streptococcus  salivarius  (American  Type  Culture  No.  9756)  have  demonstrated 
the  irreversibility  of  the  ehlorophyllin  inhibition  by  required  vitamins  and  salts, 
in  10  and  100  times  the  minimal  concentrations  for  optimum  growth. 

Further  studies  with  Streptococcus  salivarius  and  five  strains  of  micrococci 
indicate  that  ehlorophyllin  inhibits  the  normal  uptake  of  oxygen  as  measured  in 
a  Warburg  Microrespirometer.  In  addition,  evidence  is  presented  which  de¬ 
lineates  the  ability  of  ehlorophyllin  to  alter  the  oxidation-reduction  potential  of 
a  synthetic  medium  as  much  as  100  millivolts  in  favor  of  oxidation.  It  is  sug¬ 
gested  that  this  may  be  the  mechanism  by  which  ehlorophyllin  exerts  its  in¬ 
hibitory  cajiacity. 

We  wi.sh  to  ackiiowled^'e  the  interest  and  advice  of  Dr.  Morrison  Kogosa,  without 
who.se  cooperation  certain  phases  of  this  investigation  could  not  have  been  undertaken, 
and  the  invaluable  aid  given  by  Dr.  ,Iohn  Hein  and  Mr.  Kalph  Wiseman. 
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raxgp:  of  histologic  variation  in  clinically  normal 

GINGIVA 

LEO  ZACHINSKY,  D.D.S.,  A.B. 

Ihutal  Besearch  Laboratory,  Dental  Department,  Montefiore  Hospital,  New  York,  N.  Y. 

Histopathologic  studies'*^  have  rather  precisely  defined  the  clear-cut 
inieroseopie  abnormalities  that  accompany  priuRival  lesions.  Inflammations, 
defjenerations,  dystrophies,  infiltrations,  and  tumors  have  been  categorized, 
illu-strated,  and  contrasted  with  the  description  of  the  hypothetic  normal.®*  * 
Concepts  of  normal  fjinfjival  structure  remain  static,  in  contrast  to  the  dynamic 
understandinfj  of  pathologically  induced  variations. 

Normal  oral  mucosa  has  been  studied  with  emphasis  on  variations  in  selected 
areas  of  the  mouth, ^  from  the  ])oint  of  view  of  age  and  sex  differences,®  functional 
changes,®  and  the  whole  range  of  metabolic  and  hormonal  deviations.'®  An 
indication  of  the  broadness  in  ])attern  which  gingival  histology  may  take  is 
given  in  one  text  which  grants  the  ])ossibility  of  considering  the  surface  epithe¬ 
lium  in  keratinized,  i)arakeratinized,  or  nonkeratinized  forms  as  within  the 
normal  range."  Boundaries  of  gingival  normality,  as  rigidly  defined  in  texts, 
recpiire  extension  to  include  a  broader  range  of  variation. 

Of  seventeen  specimens  studied  in  one  rc])ort,*-  not  one  could  be  found 
which  registered  com])lete  adherence  to  the  picture  of  “ideal  normal  gingiva." 
Features  tabulated  included  cellular  infiltration,  degree  of  cornification,  and  the 
prestmee  of  inflammatory  cells  in  the  subei)ithelium.  The  inclusion  in  this  study 
of  .sul)epithelial  structures  focuses  attention  on  the  lability  of  corium  tissue.  The 
health  status  of  the  gingivae  has  been  equated  with  thickness  and  keratinization 
of  the  epithelial  mantle,"  while  consideration  of  variant  patterns  of  subepithelial 
architecture  has  been  irlatively  less  stressed.  Ei)ithelial  nutrition  and  physio¬ 
logic  changes  derive  from  the  lamina  propria  of  vascular  and  reactive  corium. 
This  internal  effect  requires  consideration  as  well  as  external  phenomena,  such 
as  trauma  and  superficial  inflammation. 

It  is  the  purpose  of  this  report  to  broaden  the  concept  of  normal  gingival 
structure  through  a  study  of  variations.  The  line  of  demarcation  between  nor¬ 
mal  and  i)athologic  gingivae  is  not  sharj)  and  clearly  defined  histologically; 
l)athology  im])lies  recognition  of  degree  of  variation  from  normal.  The  study 
explores  the  degree  of  variation  apparent  in  gingival  specimens  which,  despite 
mutual  microscopic  differences,  arc  classified  as  normal  on  the  basis  of  clinical 
and  .symptomatic  findings. 

.MKTHODS  AND  MATERIALS 

Thirty-eight  gingival  biopsy  specimens  were  removed  from  both  in-  and 
outpatients  at  Montefiore  Hospital,  New  York.  The  subjects  ranged  in  age 
from  19  to  64  years;  twenty-two  were  men  and  sixteen  women.  Patients  were 
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under  treatment  for  a  variety  of  conditions,  with  neiirolo^cal  and  cardiac  dis¬ 
ease  predominating.  Specific  oral  manifestations  of  oral  disease  were  eliminated 
by  screening  out  patients  with  conditions  of  hormonal  or  metabolic  imbalance 
likely  to  produce  mucous  membrane  lesions.  No  cachectic  or  neoplastic  cases 
were  included  in  the  study. 

All  gingival  specimens  w^ere  from  the  labial  aspect  of  the  first  or  second 
ma.\illar>'  or  mandibular  incisors.  Specimens,  removed  with  scalpel  and  peri¬ 
osteal  elevator,  extended  from  the  gingival  crest  to  the  alveolar  mucosa,  3  mm. 
wide,  full  thickness  down  to  periosteum.  Procaine  hydrochloride  (2  per  cent) 
was  infiltrated  locally.  Healing  in  all  cases  was  by  granulation,  and  proceeded 
uneventfully.  Specimens  were  oriented  for  sectioning  as  perpendicularly  to 
the  surface  plane  as  possible.  Paraffin  embedding  and  hematoxylin-eosin  stains 
were  used.  Specimens  presenting  frank  histopathologic  evidence  of  gingival 
disea.se  were  discarded  as  not  being  within  the  scope  of  this  study.  Specimens 
considered  were  those  adjudged  elinii*ally  normal,  histologically  not  representa¬ 
tive  of  a  clear-cut  disease  entity,  hut  still  exhibiting  a  structural  spread  of 
variation. 

ORSKRVATIONS 

Objective  histologic  criteria  for  defining  healthy  gingiva  have  l)een  given.^* 
These  include  an  intact  epithelial  covering,  presence  of  papillary  projections, 
a  fi-ee  gingival  groove,  presence  of  gingival  fibers  extending  into  free  gingiva, 
an  intact  crevicular  epithelium,  an  intact  epithelial  attachment,  a  variable 
accumulation  of  inflammatory  elements  in  the  submucosa,  and  the  embedding  of 
fibers  in  an  optically  homogeneous  ground  substance. 

These  positive  requirements  are  met  by  a  large  variety  of  mutually  distinct 
gingival  architectures.  The  value  of  such  a  codification  lies  in  its  elasticity, 
and  is  indicative  of  a  trend  counter  to  a  fixed,  rigid  definition  of  normal.  Cer¬ 
tain  gingival  patterns  to  be  described  later  reveal  that  adherence  to  a  non- 
pathologic  standard  is  not  limited  to  one  structural  type  but  rather  falls  within 
a  wide  range.  The  definition  of  normal  is  derived  from  consideration  of  the 
extent  of  this  range. 

Specimens  studied  exhibited  considerable  variation  in  gross  gingival  thick¬ 
ness  down  to  the  periosteum.  Variations  in  the  order  of  two  times  are  not 
exceptional,  and  all  thicknesses  in  between  were  observed.  Correlation  between 
epithelial  thickness  and  the  depth  of  the  corium,  however,  appears  closely  linked. 
Hyperplasia  of  one  tissue  is  accompanied  by  hyperplasia  of  the  other,  while 
atrophy,  except  in  an  ulceration  induced  by  inflammation,  follows  the  same  pat¬ 
tern.  Figs.  8  and  10,  taken  at  the  same  magnification,  indicate  the  extent  of 
variation  in  gross  thickness. 

Total  thickness  of  the  epithelial  sheath  is  perhaps  one  of  the  features  demon¬ 
strating  the  greatest  variation.  In  Fig.  7,  the  lamina  propria  is  seen  to  extend 
almost  to  the  parakeratinized  outer  mantle.  In  Fig.  8,  a  piled-up  prickle  layer, 
many  cells  in  thickness,  is  interposed  between  the  crest  of  the  papillarj’  projec¬ 
tion  and  the  free  epithelial  surface.  Atrophy  and  acanthosis,  as  related  to 
gingival  epithelium,  are  relative  terms  mpiiring  consideration  of  other  patho- 
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logic  processes.  In  the  two  structurally  divergent  specimens  illustrated,  the 
absence  of  other  pathologic  evidence  indicates  normality  for  both.  The  depth 
of  the  rete,  or,  as  considered  from  the  corium,  the  extension  of  the  papillary 
projections,  is  correlated  with  total  ei)ithelial  thickness  in  almost  direct  ratio. 
Normal  depth  varies  widely  from  specimen  to  specimen ;  even  in  the  same  sec¬ 
tion,  areas  of  marked  dermal  ]>enetration  are  obser\’ed  adjacent  to  areas  of 
deeply  dipping  basal  cells  (Fig.  5).  Both  blunt  and  sharp  structures  are  seen 
and  considered  normal,  with  thick,  short  pegs  most  evident  in  the  thinner  types 
of  epithelia  (Fig.  7). 

Characteristics  of  the  ei)ithelial  surface  have  been  studied  more  exten¬ 
sively,*®'^*  and  more  emphasis  has  been  put  on  their  interpretation  than  perhaps 
on  any  other  gingival  feature.  Surface  appearance,  as  most  amenable  to  both 
clinical  and  histologic  analysis,  has  been  closely  correlated  with  the  general 
status  of  the  gingiva  in  both  normal  and  the  whole  gamut  of  pathologic  condi¬ 
tions.*^’  The  surface  type  found  in  the  series  studied  was  strikingly  con¬ 
sistent,  namely,  the  retention  of  nuclei  even  within  those  shreds  of  epithelial 
s(iuama  which  are  shaling  off  in  the  normal  process  of  maturation  (Figs.  1  and 
2).  FMgs.  4  and  7  demonstrate  the  i)resence  of  nuclei  in  the  surface  layers  of 
thickly  condensed  husks,  while  widely  different  types  of  epithelia  such  as  the 
piled-up  layers  in  Fig.  5  show  a  similar  surface  pattern. 

This  type  of  epithelial  mantle  is  defined  as  parakeratosis  rather  than  true, 
non-nucleated  keratinization  as  found  on  skin.**  In  view  of  the  preponderance 
of  this  type  of  surface,  parakeratinization  is  considered  the  normal  end  phase 
of  the  gingival  maturation  cycle.  Thickness  of  the  parakeratotic  layer  is  subject 
to  marked  differences  and  bears  no  isolation  to  the  total  thickness  of  the  epithe¬ 
lium.  Neither  age  nor  sex  determined  the  amount  of  ])arakeratinization  in  the 
sections  studied.  Surface  condensation  with  nuclear  retention  appears  in  human 
gingiva  as  a  normal  maturation  phenomenon  rather  than  as  a  response  to  abra¬ 
sion.  This  type  of  epithelial  cover  has  been  reported  for  a  20-day  rat  embrjo.** 

(  Jranular  and  lucid  layei-s  are  ab.sent  in  a  predominant  number  of  gingival 
sections,  i>ailicularly  when  surfaced  with  a  thin  coat  of  condensed  cells.  When 
the  parakeratotic  layer  is  heavy  (Fig.  7),  a  thin,  granular  layer  may  be  seen 
(SO).  The  lucid  layer,  in  contrast  to  skin,  is  rarely  discernible  in  gingiva. 
The  i>resence  of  a  di.scontinuous  layer  of  a  few  cells  showing  intracytoplasmic 
vacuolization  (Figs.  3  and  8  [/V] )  is  a  more  constant  finding  and  replaces  the 
lucid  layer  in  gingiva.  This  layer  is  indistinct  in  many  and  absent  in  several 
specimens. 

Broader  bands  of  vacuolization  just  below  the  condensed  surface  (Fig.  6 
[V])  represent  a  hi.stologic  variant  observed  with  sufficient  freijuency  in  clini¬ 
cally  healthy  gingiva  to  l)e  considered  within  the  normal  range.  In  Fig.  6,  an 
area  just  below  the  gingival  crest  and  immediately  above  the  prickle  cells  is 
occupied  by  a  band  of  vacuolated  cells  in  which  firet  the  cytoplasm  and  then  the 
nuclei  blank  out.  Cell  membranes  and  intercytoplasmic  connections  tend  to 
persist.  This  tyi)e  of  intracellular  vacuolization,  which  bears  no  relation  to 
pathologic  intercellular  vesicle  formation,  constitutes  a  variant  type  of  surface 


Fig.  1. — Close  adherence  to  classic  description  of  normal  alveolar  gingiva.  Round-celf 
exudate  yE)  in  coriuin.  Wi<ie  intercellular  bridge  spaces. 

Fig.  2. — Marginal  gingiva  with  sulcus  area  showing  distinct  parakeratinization  (P). 

Fig.  3. — "Stippled”  gingiva  showing  epithelial  debris  in  trough.  L.amina  propria  (LP) 
very  sparsely  cellular. 

Fig.  4. — Dense  but  still  parakeratotic  (P)  epithelial  mantle.  Basement  membrane  distinct 
over  capillary  loop.  Corium  fibers  close  packed  and  irregularly  whorling. 

Fig.  5. — Grossly  hyperplastic  epithelium  with  parakeratosis  (P).  Diffuse  round-cell 
exudate  (E)  in  <leeper  corium,  but  lamina  propria  (EP)  cell  free.  Dymph  vessel  (/,F)  in 
papillary  peg. 


584 


ZACHIXSKY 


J.  L).  Res. 
.■\iigust,  1954 


Fig.  6. — Broad  band  of  cells  showing  vacuolization  (V)  below  parakeratotic  (P)  surface. 
Kslema  and  depolymerization  in  areas  of  exudate  (E). 

Pig.  7. — Grossly  thin  epithelium  supporting  heavy  parakeratotic  layer  (P)  arising  from  a 
distinct  granular  layer  (SG). 

Fig.  8. — Piled-up  epithelium  exhibiting  acanthosis  of  prickle  cell  layer.  Surface  cells 
show  intracytoplasmic  vacuolization  (/V'). 

Fig.  9. — Thin  epithelium  over  densely  fibrous  corium  with  collagenous  bundles  parallel  to 
surface. 

Fig.  10. — Thin  epithelium  with  clublike  rete  pegs.  Corium  edematous  and  fibrillar.  Capil¬ 
lary  loops  prominent  and  branching  (CL). 
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maturation  rather  than  evidence  of  abnormality.  The  superficial  cells  over  such 
areas  (Fig.  6  [P])  condense  and  form  the  same  type  of  parakeratosis  observed 
elsewhere.  This  well-defined  layer  of  maturing  cells  is  also  to  be  contrasted 
with  hydropic  degeneration  which  occurs  in  gingiva  showing  acanthosis.  Vacu¬ 
olization  in  acanthosis  is  found  throughout  the  prickle  cell  layer  down  to  the 
basal  cells  and  is  typical  of  hyperplastic  epithelia. 

Microscopic  evidence  of  “stippling”  is  not  requisite  to  a  diagnosis  of  nor¬ 
mal  gingiva.  At  the  surface  of  Fig.  3,  a  shallow  dimple  is  observed  filled  with 
s(iuama  and  debris,  an  inconstant  finding  in  the  sections  studied.  Collagen  in 
the  lamina  propria  is  coarser  than  in  the  majority  of  specimens.  The  presence 
of  these  dense  collagenous  bundles  anchoring  the  attached  gingiva  to  alveolar 
bone  has  been  suggested  as  the  histologic  basis  for  stippling.^® 

The  basal  or  germinative  cells  of  normal  gingival  epithelium  are  invariably 
clear,  distinct,  continuous,  and  of  uniform  size.  They  are  somewhat  smaller 
than  overlying  prickle  cells  and  are  more  nearly  columnar.  Nuclear  polarity, 
as  observed  in  Fig.  3,  is  surface  directed ;  nucleoli  and  inclusions  are  generally 
more  chromophilic  than  in  maturer  cells.  ^litotic  figures  are  very  rarely  ob¬ 
servable.  The  basement  membrane  may  be  distinguished  faintly  with  the  stain 
u.sed  (Fig.  4). 

Intercellular  bridges,  or  tonofibrils,  are  prominent  only  in  the  prickle  cell 
layer.  The  intercellular  bridge  spaces  are  seen  in  Fig.  1,  in  a  comparatively 
thin  epithelium.  The  degree  of  cellular  separation  varies  with  the  thickness 
of  the  total  epithelial  sheath,  intercellular  bridges  being  less  distinct  in  thicker 
specimens  and  in  sections  showing  broad  areas  of  vacuolization.  Separation 
disappears  and  cell  membranes  become  compact  as  maturation  continues  toward 
the  surface.  The  size  of  epithelial  cells  varied  somewhat  in  sections  studied. 
The  greatest  deviations  were  in  the  prickle  cell  layer,  and  the  greatest  uniformity 
in  the  basal  layer. 

The  corium  of  the  gingiva  constitutes  the  main  bulk  of  the  tissue  and  is 
the  vascularized  carrier  of  metabolites  for  overlying  epithelium.  The  lability 
of  the  submucosa  and  its  role  as  the  prime  reactive  element  in  gingival  health 
and  disease  have  recently  been  given  new  prominence"’’  as  the  emphasis  in 
studies  has  shifted  away  from  the  epithelium,  which  is  i-egardeil  as  mirroring 
deeper  changes.^®  Histochemical  analyses  of  connective  tissue  ground  sub¬ 
stance,®®*®®  while  not  yet  i)roducing  quantitative  results,  indicate  physicochemical 
reactivity  which  has  its  counterpart  in  histologic  variations. 

Connective  tissue  consists  of  cells  and  of  extracellular  components,  fibers, 
tissue  fiuid,  and  a  ground  substance  or  matrix.®®  Variations  in  clinically  normal 
gingivae  are  induced  by  altered  states  and  ratios  of  the  components,  which  are 
expressed  in  terms  of  relative  cellularity,  degree  and  type  of  fibrous  organiza¬ 
tion,  orientation  of  fibers,  polymerization  of  ground  substance,  and  other  fea¬ 
tures  such  as  vascularity  and  inflammation.  Most  of  these  features  are  observ¬ 
able  in  histologic  preparations. 

The  lamina  propria  in  normal  gingiva  is  generally  less  cellular  than  deeper 
connective  tissue  (Fig.  3  [LF]).  The  collagenous  tissue,  chiefly  in  papillarj* 
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crests,  is  coarsely  textured  and  densely  packed.  Capillary  loops  are  more  evi¬ 
dent  than  in  deeper  layers  (Fig.  10  [CL] ).  Except  in  the  sulcus  area,  this  zone 
is  usually  free  of  inflammatory  exudate  even  when  deeper  tissues  contain  many 
inflammatory  cells  (Fig.  5  \E]). 

The  organization  of  the  tissue  found  in  the  submucous  component  has 
previously  been  described  in  terms  of  the  relative  densities  of  nuclei,  fibers,  and 
matrix.  More  recently,  with  the  advent  of  histochemical  technics,  clinical  cor¬ 
relation  has  been  adduced  between  the  degree  of  polymerization  of  the  ground 
substance  and  the  tis.sue  pattern  evident  under  the  usual  stains.  Sections 
studied  showed  organization  ])atterns  in  which  the  corium  matrix  varied  from 
loose,  reticular,  probably  depolymerized  tissues  to  harder,  densely  fibrous,  and 
relatively  acellular,  collagen-rich  tissues.  The  corium  in  Fig.  4  illustrates  the 
closely  compacted,  coarse-fibered  pattern  generally  indicative  of  a  high  degree 
of  matrix  polymerization.  In  Fig.  10,  increased  cellularity,  scarcity  of  fibers, 
and  a  suggestion  of  interstitial  edema  are  evident.  Corium  variations  of  such 
an  order  occur  without  related  epithelial  changes,  as  evidenced  in  the  two  types 
previously  mentioned  in  which  widely  divergent  submucosal  patterns  are  found 
underlying  two  essentially  similar  epithelia. 

The  collagenous  stroma  is  generally  laid  down  in  irregular  whorls  and 
bands  which,  deeper  in  the  tissue  and  closer  to  the  periosteum,  become  oriented 
so  that  the  fibers  run  more  parallel  to  the  surface. 

A  submucous  exudate  of  lymphocytes,  plasma  cells,  macrophages,  and  an 
occasional  polymorphonuclear  leukocyte  was  found  in  a  majority  of  the  speci¬ 
mens  studied  as  clinically  normal  examples.  This  chronic  inflammatory  in¬ 
filtration  occured  primarily  but  not  solely  in  the  sulcus  area,  evidences  of  rather 
dense  round-cell  infiltration  being  observed  under  intact,  even  thick,  alveolar 
epithelium  as  in  Fig.  5  (E).  The  lamina  propria  in  the  sulcus  area  (Fig.  2  \E]) 
contains  the  exudate,  but  more  apieally  it  is  generally  free  of  such  a  reaction. 
Lymphocytes  and  plasma  cells  are  found  both  in  dense,  discrete  groups  as  well 
as  in  a  more  diffuse,  less  patchy  distribution.  They  are  observed  beneath  epi¬ 
thelia  of  all  types  but  are  generally  found  in  fields  of  submucosa  exhibiting 
some  degree  of  looseness  and  probable  matrix  depolymerization  (Fig.  6  [L]). 

The  j)resence  of  such  an  exudate,  found  in  clinically  healthy  gingiva,  has 
been  considered  evidence  of  inflammation.’^  Disorganization  of  collagen  in  the 
area,  together  with  the  accumulation  of  the  round-cell  exudate,  is  histologically 
indistinguishable  from  inflammation  elsewhere.  This  condition  in  the  gingiva 
is  considered  by  some  investigators  the  histopathologic  precursor  of  clinically 
manifest  inflammation.’^  According  to  another  ])oint  of  view,  the  cellular 
infiltration  is  regarded  as  a  normal  mechanism  of  defense  against  the  omni¬ 
present  trauma  and  danger  of  bacterial  invasion.”  The  submucous  exudate 
is  occasionally  found  at  some  distance  from  the  surface,  a  normal,  noninfiltrated 
layer  of  dense  collagen  being  interposed  (Pig.  1  [L]). 

The  characteristic  and  predominant  cell  of  the  exudate  is  the  i)lasma  cell, 
functioning  probably  as  a  source  of  antibody  material  when  mobilized  by  an 
antigenic  agent.^*  Small  lymphocytes  are  the  second  most  common  cell  observed 
and  are  found  intermingled  throughout  the  chiefly  plasma  cell  reaction. 
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I*olymorphonuelear  neutrophils  are  present  in  much  smaller  numbers  or  are 
absent  altogether  in  clinically  normal  gingiva;  their  presence  is  usually  indic¬ 
ative  of  frank  bacterial  infection  with  ulceration.  Nuclear  fragment  and  large 
mononuclear  phagocytes  are  occasionally  seen. 

The  density  and  type  of  blood  vessels  seen  in  the  corium  varied  considerably 
in  sections  examined.  In  Fig.  4,  large,  branching  loops  of  thin-walled  vessels 
are  observed  within  the  lamina  propria  extending  to  the  basal  epithelial  cells. 
Generally,  vascularity  becomes  somewhat  richer  deeper  in  the  submucosa.  The 
typical  branching  pattern  is  evident  in  Fig.  10  {CL).  Vessels  of  similar  total 
diameter  but  with  a  much  diminished  lumen  are  found  in  more  densely  fibrous 
gingivae. 

The  obliteration  of  the  lumen  is  frequently  found  in  the  almost  hyalinized 
submucous  tissue  of  thick,  hypertrophied  gingiva,  where  it  may  be  considered 
a  special,  local  instance  of  endarteritis  obliterans  in  response  to  chronic  irrita¬ 
tion.  Tortuosity  and  thinness  of  the  vessel  walls  seem  constant  features  of 
clinically  healthy  gingivae.  The  number  of  vessels  seen  in  various  sections  and 
even  in  different  fields  of  the  same  section  are  subject  to  considerable  variation. 

Lymphatic  drainage  of  gingiva,  like  that  of  skin,  originates  from  the  inter¬ 
cellular  spaces  about  the  squamous  epithelial  cells.  Lymph  vessels  appear  first 
within  the  papillary  projections  as  thin-walled  collecting  loops  lined  by  a  single 
layer  of  endothelium  (Fig.  5  [LV]).  Lymph  channels  are  frequently  collapsed 
and  consequently  difficult  to  observe. 

The  orientation  of  submucosal  collagenous  fiber  bundles  ranges  from  an 
irregular  whorling  in  all  planes  (Fig.  4)  to  a  parallel  arrangement  with  surface 
orientation  (Fig.  9).  The  irregularity  of  the  path  of  the  fiber  bundles  seems 
directly  correlated  with  the  total  thickness  of  the  submucosa  and  also  with  the 
density  and  coarseness  of  the  bundles  themselves. 

DISCUSSION 

A  study  of  thirty-eight  gingival  biopsies  gives  some  histologic  evidence  of 
the  need  to  broaden  the  definition  and  enlarge  the  description  of  normal  gingival 
tissue.  AVide  diversity  of  architectural  patterns,  all  occuring  in  clinically 
healthy  gingivae,  indicates  the  range  of  variation  compatible  with  the  term 
“normal.”  Certain  features  particularly  deserve  comment  as  being  at  variance 
with  the  classical  descriptions  of  gingival  histology, 

Parakeratin  formation  rather  than  “skin-type”  keratinization  is  the  most 
frequent  epithelial  surfacing.  This  mode  of  condensation,  normal  for  gingiva, 
may  persist  around  the  gingival  crest  and  down  into  the  sulcus  area  (Fig.  2  [P]). 
Intracytoplasmic  vacuolization  preceding  condensation  just  below  the  epithelial 
surface  appears  as  a  maturation  phenomenon  peculiar  to  the  gingiva.  While  the 
disorganization  and  loss  of  cytoplasmic  contents  in  most  cells  must  l)e  construed 
as  a  pathologic  process,  the  i)resenee  of  such  a  cellular  change  in  clinically 
healthy  gingiva  may  be  termed  a  stage  in  the  orderly  process  whieh  removes 
cytoplasm  to  produce  the  tough,  condensed  epithelial  mantle.  Thickness  of  the 
epithelial  layer,  apart  from  actual  ulceration  of  tissue  or  gross  hypertrophy, 
seems  to  bear  no  relationship  to  the  health  of  the  tissue. 
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The  submucosa  is  subject  to  as  {jreat  a  rang:e  of  structural  ])atterns  in  normal 
states  as  the  epithelium.  Because  of  its  vascularity,  this  tissue  exhibits  con¬ 
siderable  lability  and  may  be  considered  to  reflect,  in  even  a  greater  decree  than 
the  epithelium,  responses  to  both  systemic  and  local  conditions.  Differences  in 
connective  tissue  density  and  orjranization,  the  dejjree  of  polymerization  of 
matrix,  show  many  different  patterns  which  further  studies  may  correlate 
biochemically,  physiolofiically,  and  clinically.  The  almost  constantly  present 
submucous  exudate  of  chronic  inflammatory  cells  may  be  termed  a  ]ihysiolof?ic 
norm  for  most  healthy  frin^ivae.  Although  the  accumulations  of  round  cells  are 
indistingui.shable  from  the  process  of  chronic  inflammation  elsewhere  in  the 
body,  adherence  to  a  rigid  definition  would  diagnose  most  gingival  sami)les 
pathologic,  despite  the  absence  of  overt  clinical  signs.  The  concej)!  that  these 
infiltrating  elements,  ])articularly  the  plasma  cells,  represent  a  reservoir  of 
antibody  response  normally  occurring  in  uninjured  gingiva  seems  borne  out 
by  the  lack  of  other  histopathologic  evidence  of  disease  in  most  of  the  sections 
examined. 


SUMMARY 


The  range  of  histologic  variation  in  routinely  biopsied,  clinically  normal 
alveolar  gingiva  studied  in  this  report  is  tabulated  in  summary: 


1.  Gross  thickness  to 
periosteum, 

2.  Depth  of  epithelium. 

3.  Depth  of  rete  pegs. 

4.  Surface  epithelium. 


5.  Stratum  granulosum. 

6.  Stratum  lucidum. 

7.  Prickle  cell  layer. 

8.  Vacuolization. 


9.  Basal  layer. 

10.  Intercellular  bridges. 

11.  Cell  size. 

12.  Lamina  propria. 


13.  Density  of  submucous 
fiber  pattern. 

14.  Submucous  inflammatory 
exudate. 

15.  Submucous  vascularity. 

16.  Submucous  lymphatics. 

17.  Orientation  of  fiber 
bundles. 


Variations  in  the  order  of  x2. 

Broad  variation  from  near  penetration  of  papillae  to 
hyperpla.sia  verging  on  acanthosis. 

From  deeply  probing  in  thicker  specimens  to  shallow, 
almost  level  basal  cells  in  thinner  epithelia. 

Generally  parakeratotic  with  superficial  slough;  con¬ 
densed  layer  varies  widely  in  thickness.  “Skin-type” 
cornification  not  observed. 

Clearly  observed  in  two  of  thirty-eight  .sections;  a  few 
cells  thick. 

Rarely  evident;  very  thin  when  present. 

Most  variant  of  layers;  from  scant  to  abundant. 

Observed  in  over  one-half  the  sections  examined  in  upper 
areas  of  prickle  cell  layer;  considered  an  early  phase 
of  maturation-condensation. 

Cells  invariably  distinct  and  heavily  chromophilic;  sur- 
face-directe<l  nuclear  polarity. 

Clearly  observed  only  in  prickle  cell  layer;  less  distinct 
in  grossly  thick  epithelia. 

Ranges  from  relatively  small  in  thick  epithelia  to  larger 
in  thin;  no  age  or  correlation  evident. 

Generally  less  cellular  than  deeper  layers;  usually  free 
of  inflammatory  cells;  may  contain  lymphatic  and 
capillary  loops. 

Subject  to  extreme  variation  from  dense,  almost  hyalin- 
ized  collagen  to  loose,  reticular  tissue. 

Plasma  cells  and  lymphot'ytes  predominant  in  almost 
invariable  infiltrate;  density  inconstant  but  increases 
in  direction  of  sulcus. 

Tortuous,  branched  vessels  suggestive  of  loops  generally 
present;  numl)er  of  vessels  evident  varies  widely. 

Occasionally  seen  as  thin-walled  channels  in  papillae; 
usually  collapsed  and  difficult  to  view. 

Range  extends  from  whorling  in  all  planes  in  sections  of 
heavy  density  to  greater  paralleling  with  surface  in 
looser  specimens. 
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